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This DATABOOK contains complete 
technical information on the full line 
of RCA standard commercial linear in- 
tegrated circuits and MOS field-effect 
transistors for both industrial and con- 
sumer applications. An Index to 
Devices provides a complete listing of 
types, together with an indication of 
package options available for each of 
them. 

The pages immediately following the 
Index to Devices include photographs 
of the packages used for RCA linear 
integrated circuits and MOS/FET’s, a 
product-classification chart, recom- 
mended operating and handling con- 
siderations, a list of special terms and 
symbols used in the characterization of 
RCA linear integrated circuits and 
MOS/FET’s, and a cross-reference 
directory that indicates RCA types 
recommended as direct replacements 
for other manufacturers’ types. 

Three separate data sections provide 
definitive ratings and electrical 
characteristics for (1) Linear Integrated 
Circuits for Industrial Applications, 
(2) Linear Integrated Circuits for 
Consumer Applications, and (3) MOS 
Field-Effect Transistors (MOS/ 
FET’s). Data pages for individual 
devices are included as nearly as pos- 
sible in alpha-numerical sequence of 
type numbers. Because some devices 
are grouped together to show similarity 
of function or data, individual type 
numbers may be out of sequence. If 
you don’t find the data on a specific 
type where you expect it to be, check 
the Index to Devices. 

The DATABOOK also includes dimen- 
sional outlines for all currently 
available packages and selected RCA 
Application Notes on RCA Linear In- 
tegrated Circuits and MOS/FET’s. 
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Index to Devices — Linear IC’s 
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■ No designated suffix letter for this type in T0-5-style package A No designated suffix letter for this type in quad-in-line plastic 

a No designated suffix letter for this type in ceramic flat package package 

eNo designated suffix letter for this type in dual-in-line plastic * In 8-lead dual-in-line Mini-DIP package 

package § In 1 4-lead dual-in -line plastic package 

t No designated suffix letter for this type in dual-in-line ceramic ® No designated suffix letter for this type in TO-220-style package 

package with vertical-mount lead form 
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Packages 


D Suffix 

DuaMn-Line Welded-Seal 
Ceramic Package 


E Suffix 

DuaMn-Line Plastic Package 


E Suffix 

Power Stud Plastic 
DuaMn-Line Package 




HI 828 


14 and 16-lead versions 


8 , 


14, and 16-lead versions 


CA3134E only 


EM Suffix 

Modified 16-lead Dual- 
In-Line Plastic Package 


EM Suffix 

Modified 16-lead Dual- 
In-Line Plastic Package 


F Suffix 

DuaMn-Line Frit-Seal 
Ceramic Package 



HI 827 


CA3134EM only 


CA3131EM, CA3132EM only 


14 and 16-lead versions 



















Packages 


0 Suffix 

Quad-in-Line Plastic 
Package (QUIP) 



14 and 16-lead versions 


Q Suffix 

Modified 16-lead 
QUIP 



HI 825 

CA810Q, CA810AQ, 
and CA1190Q only 
(A flat wing-tab version, QM 
suffix is also available for the 
CA810, CA810A). 


VERSA- V TO-220 Style 
Plastic Package 
with Vertical-Mount 
Lead Form 



HI 887 


CA2002, CA2004 only 
(Versions with Horizontal-Mount 
Lead Form— CA2002M and CA2004M 
are also available) 


K Suffix 

Ceramic Flat Package 



14 -lead version 


S Suffix 

TO-5 Style Package with 
Dual-In-Line Formed 
Leads (DIL-CAN) 


Jt. 


8-lead version 


T Suffix 

TO-5 Style Package 
with Straight Leads 



HI 463 


8, 10, and 12-lead versions 


VI Suffix 

TO-5 Style Package 
with Radial Formed Leads 



HI 561 



H Suffix 
Chip 



92CS-22137 


8, 10, and 12-lead versions 


JEDEC TO-72 

1# 

i in 

Notes: 

1 . Some types may have an additional “M” suffix 
following the package designation suffix, i.e., 
CA3131EM. The additional M” suffix simply indicates 
that the device is a mechanical variant of the basic 
package type. 

1 ! ] 

I r 

I I * 
j i 

i 

l 

HI 299 

2. RCA Linear integrated circuits are provided in chip 
form to allow customer design of special and complex 
circuits to suit individual needs. Linear chips are 
electrically identical to and offer the features of their 
counterparts, sealed in ceramic, TO-5, and plastic 

MOS/FET's only 

packages. 











Product Classification Chart 


Industrial Circuits 

OPERATIONAL AMPLIFIERS 

DIFFERENTIAL 

AMPLIFIERS 

ARRAYS 

General Purpose 

General Purpose 
Wideband 

Variable 

Amplifier/ 

Diode 

Transistor 

Single Unit 
CA101 
CA107 
CA201 
CA207 
CA301 
CA307 
CA741 
CA748 
CA6741 • 

Dual Unit 
CA158 
CA258 
CA358 
CA747 
CA1458 
CA1558 
CA2904 
Quad Unit 
CA124 
CA224 
CA324 
CA3401 

Single Unit 
CA3008 
CA3010 
CA3015 
CA3016 
CA3029 
CA3030 
CA3037 
CA3038 
CA3100* 
CA3130* 
CA3140* 
CA3160* 
Dual Unit 
CA3240* 

High Current 
CA3094 
Micropower 
CA3060 
CA3078 
CA3080 
CA6078* 

CA3000 

CA3001 

CA3004 

CA3005 

CA3006 

CA3007 

CA3026 

CA3028 

CA3049 

CA3050 

CA3051 

CA3053 

CA3054 

CA3102 

Amplifier 
CA3026 
C A 30 35 
CA3048 
CA3049 
CA3052 
CA3054 
CA3060 
CA3102 
Diode 

CA3019 

CA3039 

CA3141 

CA3018 

CA3036 

CA3045 

CA3046 

CA3050 

CA3051 

CA3081 

CA3082 

CA3083 

CA3084 

CA3086 

CA3093 

CA3095 

CA3096 

CA3097 

CA3118 

CA3127 

CA3138 

CA3146 

CA3183 

CA3600* 

CA3724 

CA3725 

VOLTAGE 

REGULATORS 

ZERO-VOLTAGE 

SWITCHES 

VOLTAGE 

COMPARATORS 

SPECIAL-FUNCTION 

CIRCUITS 

MOS/FET's 

CA723 

CA3085 

C A 3058 
CA3059 
CA3079 

Single Unit 
CA111 
CA211 
CA311 
CA3098+ 
CA3099+ 
Dual Unit 
CA3290* 
Quad Unit 
CA139 
CA239 
CA339 

A/D Converter 
CA3162 

BCD-to-7 -Segment Decoder/Driver 
CA3161 

Memory Sense Amplifier 
CA1541 

Four-Quadrant Multiplier 
CA3091 

Timer 

CA555 

Programmable Schmitt Trigger 
CA3098 

Single Gate 
3N128 
3N138 
3N139 
3N142 
3N143 
3N152 
3N153 
3N154 

Dual Gate 
3N140 
3N141 
3N159 
Dual Gate 
Protected 
3N187 
3N200 
40819 

Consumer Circuits 

BROADBAND 

(VIDEO) 

AMPLIFIERS 

AM/FM 

COMMUNICATIONS 

CIRCUITS 

AUDIO 

CIRCUITS 

FM IF 
CIRCUITS 

TV RECEIVER 
CIRCUITS 

MOS/FET's 

CA3002 

CA1352 

CA3020 

CA3021 

CA3022 

CA3023 

CA3040 

CA2111A 

CA3011 

CA3012 

CA3013 

CA3014 

CA3043 

CA3075 

CA3076 

CA3088 

CA3089 

CA3123 

CA3163 

CA3189 

Preamplifiers 

CA3036 

CA3052 

Drivers 

CA3094 

Power Amplifiers 
CA810 
CA2002 
CA2004 
CA3131 
CA3132 

Subsystems 
CA2111A 
CA3013 
CA3014 
CA3043 
CA3075 
CA3089 
CA3189 
Gain Blocks 
CA301 1 
CA3012 
CA3076 

Tuning 

CA3163 

CA3166 

CA3168 

AFT 

CA3044 
CA3064 
CA3139 
Sound IF 
CA1190 
CA2111A 
CA3041 
CA3042 
CA3065 
CA3134 
PIX IF 
CA270 
CA1352 
C A 3068 
CA3136 
Remote Control 
CA3035 

"Jungle" Circuits 
CA3120 
CA3142 

Chroma Systems 
CA1398 
C A 3066 
CA3067 
CA3070 
CA3071 
CA3072 
CA3121 
CA3125 
CA3126 
CA3128 
CA3151 
CA3170 
Luminance 
Processors 
CA3135 
CA3143 
CA3144 
Horizontal 
Systems 
CA1391 
CA1394 
CA920A 
CA3159 
CA3172 

Single Gate 
40467 A 
40468A 
40559A 
Dual Gate 

40600 

40601 

40602 

40603 

40604 

Dual Gate 
Protected 
3N204 
3N205 
3N206 
3N211 
3N212 
3N213 
40673 

40820 

40821 

40822 

40823 
40841 

MULTIPLEX 

DECODERS 

CA758 
Cl 310 
C A 3090 A 


Low-noise versions of CA741 and CA3078 * BiMOS types 


'CMOS type 


Programmable 



































Operating and Handling Considerations 


Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen- 
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
linear integrated circuits and MOS field-effect transistors. 

The ratings included in RCA data bulletins are based 
on the Absolute Maximum Rating System, which is , 
defined by the following Industry Standard (JEDEC) 
statement: 

Absolute-Maximum Ratings are limiting values of opera- 
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi- 
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac- 
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 

The design flexibility provided by integrated circuits and 
MOS/FET’s makes possible their use in a broad range of 
applications and under many different operating conditions. 
When incorporating these devices in equipment, designers 
should anticipate the rare possibility of device failure and 
make certain that no safety hazard would result from such 
an occurrence. 

The small size of these devices provides obvious ad- 
vantages to the designers of electronic equipment. How- 
ever, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provider} to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 


TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 

MOUNTING 

Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads.* It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard “sandwich pack” employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli- 
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

MOS FIELD-EFFECT TRANSISTORS 

Insulated-Gate Metal Oxide-Semiconductor Field-Effect 
Transistors (MOS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrostatic discharge of energy through the devices. 
Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler’s body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica- 


* MIL-385 10A, paragraph 3.5.6.1(a), lead material. 


8 



Operating and Handling Considerations 


tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor’s source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate- 
protection diodes can be handled safely if the following basic 
precautions are taken: 

1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as “ECCOSORB* 
LD26” or equivalent. 

(NOTE: Polystyrene insulating “SNOW” is not suffi- 
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 

4. Devices should never be inserted into or removed from 
circuits with power on. 


*Trade Mark: Emerson and Gumming, Inc. 


SOLID STATE CHIPS 

Solid state chips, unlike packaged devices, are non- 
hermetic devices, normally fragile and small in physical size, 
and therefore, require special handling considerations as 
follows: 

1 . Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam- 
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 40°C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec- 
trical, thermal, and mechanical performance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 
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Terms and Symbols 


closed-loop voltage gain 
audio amplifier gain 
differential voltage gain , 

automatic chroma control 
automatic frequency control 1 

automatic fine tuning 1 

automatic gain control 
am rejection ! 

open-loop voltage gain 
amplifier voltage gain 
small-signal, common-source, 
forward transfer susceptance 
(imaginary part of corresponding 
admittance; see y^ s ) 
small-signal, common-source, 
input susceptance (imaginary 
part of corresponding admittance; 
see y js ) 

small-signal, common-source, 
output susceptance (imaginary 
part of corresponding admittance, 
see y os ) 

small-signal, common-source, 
reverse transfer susceptance 
(imaginary part of corresponding 
admittance, see y r$ ) 
bandwidth (unity gain) 
open-loop bandwidth 
base-to-substrate capacitance 
collector-to-base capacitance 
emitter-to-base capacitance 
external capacitance 
feedback capacitance | 

input capacitance 
small-signal output capacitance 
small-signal input capacitance 
small-signal, common-source 
short-circuit input capacitance 
input-to-output capacitance; 
data in/out capacitance 
common-mode rejection ratio 
output capacitance 
feedthrough capacitance 
small-signal, common-source 
short-circuit output capacitance 
charge-pump capacitance 
small-signal, common-source 
short-circuit, reverse transfer 
capacitance 
input sensitivity 
l/F noise voltage 
low-frequency noise voltage; 
equivalent short-ci rcuit input 
noise voltage (juV / Hz) I 

wideband noise voltage 
referenced to input I 

channel separation I 

broadband output noise voltage | 
clock input frequency 
maximum operating frequency 
charge-pump input-pulse fre- 
quency 

unity-gain crossover frequency; 
gain-bandwidth product 
input-pulse frequency 
power gain 

forward transconductance 
(large-signal) 

static forward-current transfer 

ratio (beta) 

small-signal forward-current 
transfer ratio 
dc supply current 
dc supply current 


amplifier supply current 

amplifier bias current 

AGC source current 

base current 

collector current 

collector cutoff current 

collector cutoff current 

output leakage current 

drain current 

dc on-state drain current 

dark current 

diode forward current 

supply current for drain supply 

voltage (Vp D ) 

zero-gate (bias) drain current 
(dual-gate types) 
zero-gate (bias) drain current 
(single-gate types) 
forward current 
channel (input) gate lead 
current 

channel (input) gate reverse 
current 

gate terminal current (single- 
gate types) 

gate-No.1 terminal current 
dual-gate types 
gate-No. 2 terminal current 
dual-gate types 

gate-to-source forward leakage 
current, all other terminals 
shorted to source (dual-gate 
types). 

gate-No.1 source forward leakage 
current, all other terminals 
shorted to source (dual-gate 
types). 

gate-No. 2-to-source forward 
leakage current, all other 
terminals shorted to source 
(dual-gate types), 
gate-to-source reverse leakage 
current, all other terminals 
shorted to source (single-gate 
types). 

gate-No. 1-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types). 
gate-No. 2-to-source reverse 
leakage current, all other 
terminals shorted to source 
(dual-gate types), 
gate trigger current; gate 
terminal current 
input current 
input bias current 
internal bias current 
input offset current 
average temperature coefficient 
of input offset current 
temperature coefficient of input 
offset current (drift) 
short-circuit limiting current 
current-mirror transfer ratio 
l/F noise current 
equivalent ope n-cir cuit noise 
current (pA/ 7 Hz) 
output current 
differential output current 
(sink) 

output offset current 
output leakage current, low 


peak output current 
magnitude of peak output 
current 

maximum output current 
(source) 

maximum output current 
(sink) 

photo current 

peak-to-peak output current 
total quiescent current 
charge-pump input current 
dc reverse (leakage) current 
supply current for reference 
supply voltage 
strobe load current 
voltage (Vgg) 
supply current for supply 
voltage 

threshold current 

total supply current 

normalized factor (kpg = k/k r ) 

maximum available power gain 

maximum useable power gain 

(unneutralized) 

noise factor 

power output 

device dissipation 

power supply rejection ratio 

small-signal drain-to-source 

off-state resistance 

static drain-to-source on-state 

resistance 

gate leakage-current resistance 
output resistance 
low-frequency output resistance 
small-signal output resistance 
small-signal, short-circuit, 
common-source output 
resistance 

differential input resistance 
small-signal input resistance 
small-signal, short-circuit, 
common-source input resistance 
low-frequency input resistance 
ON resistance; the ON-state 
resistance of an analog switch 
at specified input and load 
conditions. 

A ON resistance; the difference 
in ON-state resistance between 
any 2 analog switches at speci- 
fied input and load conditions, 
signal-to-noise ratio 
slew rate 

ambient temperature 
delay time 

differential recovery time 
fall time 

input-pulse rise time 
total harmonic distortion 
turn-off time 
turn-on time 
rise time 

input-pulse rise time 
reverse recovery time 
setup time 
storage time 
pulse width 

DC positive supply voltage 
DC negative supply voltage 
amplifier bias voltage 
substrate voltage 
base-to-emitter voltage 
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V BE(sat) 

V (BR)CBO 

V (BR)CES 

V (BR)DI 

V (BR)R 

V (BR)EBO 

V (BR)GSSF 

V (BR)G1SSF 

V (BR)G2SSF 

V (BR)GSSR 


V (BR)G2SSR 


V 

V 


CBO 

CC 


VCO 

v CE0 

v CEO(sus) 


v CIO 

y CP 


J DD 


V 

V 

V 

V 

V 

V 

V 


DG 

DG1 

DG2 

DIO 

DR 

DS 

EE 


V F 

aVc/at 


' / GH 


GL 


GS 


v G s<™> 

v GS (o ff ) 

V G1 S 

v G 1 s (Off) 


base-to-emitter saturation 
voltage 

col lector-to-base breakdown 
voltage 

collector-to-emitter break- 
down voltage 
dc breakdown voltage be- 
tween diode and substrate 
dc reverse breakdown voltage 
emitter-to-base breakdown 
voltage 

dc gate-to -source forward 
breakdown voltage, all other 
terminals shorted to source 
(single-gate types) 
dc gate-No.l-to-source 
forward breakdown voltage, 
all other terminals shorted to 
source (dual-gate types) 
dc gate No.2-to-source forward 
breakdown voltage, all other 
terminals shorted to source 
(dual-gate types) 
dc gate-to-source reverse 
breakdown voltage, all 
other terminals shorted to 
source (single-gate types) 
dc gate-No.2-to-source 
reverse breakdown voltage, 
all other terminals shorted 
to source (dual-gate types) 
col lector-to-base voltage 
drain supply voltage 
used as a second positive 
supply voltage. It is ^ Vqq 
and referenced to V ss 
voltage controlled oscillator 
collector-to-emitter voltage 
collector-to-emitter 
sustaining voltage 
collector-to-substrate voltage 
charge pump voltage 
drain supply voltage (the most 
positive supply voltage; 
always referenced to ground) 
drain-to-gate voltage (single- 
gate types) 

drain-to-gate-No.1 voltage 
(dual-gate types) 
drain-to-gate-No.2 voltage 
(single-gate types) 
diode-to-substrate voltage 
diode reverse voltage 
drain-to-source voltage 
source voltage (the most 
negative supply voltage in a 
3-supply voltage system) 
dc forward voltage 
temperature coefficient of 
forward voltage drop 
channel gate input voltage, 
high level 

channel gate input voltage, 
low level 

gate-to-source voltage 
gate-to-source threshold 
voltage 

gate-to-source cutoff voltage 
(single-gate types) 
gate-No.l-to-source voltage 
(dual-gate type) 
gate-No.l-to-source cutoff 
voltage (dual-gate types) 


V G2S 

v G2S (° f f) 

V l 

V l(Lim) 

V ICR 


IV 


!° I 
I0 1 


aV,q/aT 


A V , 0 /AT 

AV IO /AV+ 

AV| 0 /A\/- 

aV IO 


V i(Lim) 

V knee 


V 

AVq/AV 

AV 0 /AV* 

V 0(rms) 


AV 


O 


Op- 

O(af) 

OL 


V 00 

V OH 


V 

V 

V 

V 


OM* 

OM 

QP 

QPL 


V QPH 


V 

V 

V 


REF 

REG 

RR 


V 

V 

V 


TH 

Z 

fs 


Y 


os 


gate-No.2-to-source voltage 
(dual-gate types) 
gate-No.2-to-source cutoff 
voltage (dual-gate types) 
input voltage 
input limiting voltage 
common-mode input voltage 
range 

input-voltage, low level 
input-voltage, high level 
input offset voltage 
magnitude of input offset 
voltage 

temperature coefficient of 
magnitude of input offset 
voltage 

temperature coefficient of 
input offset voltage drift 
positive input-offset-voltage 
sensitivity 

negative input-offset-voltage 
sensitivity 

average temperature 
coefficient of input-offset 
voltage 

input limiting voltage (knee) 
protective diode knee 
voltage (protected gate types) 
output noise voltage 
output voltage 
dc supply voltage sensitivity 
dc supply voltage sensitivity 
open-loop output voltage 
swing 

output voltage temperature 
coefficient 
output voltage swing 
recovered af voltage 
output voltage, low level; 
the voltage level at an output 
when the input logic 
conditions have been set to 
establish logic LOW output, 
output offset voltage 
output voltage, high level; 
the voltage level at an output 
when the input logic conditions 
have been set to establish a 
logic HIGH output, 
maximum output voltage 
maximum output voltage 
charge pump voltage 
charge pump input voltage, 
low level 

charge-pump input voltage, 
high level 
reference voltage 
regulated supply voltage 
supply voltage rejection 
ratio 

input threshold voltage 
zener voltage 

magnitude of small-signal, 
common-source, short- 
circuit forward transfer 
admittance (transadmittance) 
small-signal, common-source, 
short-circuit, input-admittance 
(conductance, real part of 
admittance; susceptance, 
imaginary part of admittance) 
small-signal, common-source, 
short-circuit, output 
admittance 


Iv rs l 

<Y rc 


Mr, 


Z 1 

z o 

z z 

0 

0 

T? 

0 L 


magnitude of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
phase angle of small-signal, 
common-source, short-circuit, 
reverse transadmittance 
angle of reverse trans- 
admittance, common-source 
circuit 

input impedance 
output impedance 
zener impedance 
phase angle 
phase margin 
efficiency 

open-loop phase lag 
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RCA 

Industry 

Replacement 

Type 

Type 

AD101AH 

CA101AT 

AD101AN 

CA101AG.CA101AE 

AD201AH 

CA201AT 

AD201AN 

CA201AG.CA201AE 

AD301AH 

CA301AT 

AD301AN 

CA301AG.CA301AE 

AD741H 

CA741T 

AD741N 

CA741G,CA741E 

AD741CH 

CA741CT 

AD741CN 

CA741 CG.CA741 CE 

AD2020 

CA3162E 

AMLM101AD 

CA101AG 

AMLM101AH 

CA101AT 

AMLM101H 

CA101T 

AMLM107D 

CA107G 

AMLM107H 

CA107T 

AMLM111D 

CA111G 

AMLM111H 

CA111T 

AMLM201AD 

CA201AG 

AMLM201AH 

CA201AT 

AMLM201D 

CA201G 

AMLM201H 

CA201T 

AMLM207D 

CA207G 

AMLM207H 

CA207T 

AMLM211D 

CA2111G 

AMLM211H 

CA2111T 

AMLM301AD 

CA301AG 

AMLM301AH 

CA301AT 

AMLM301H 

CA301T 

AMLM307D 

CA307G 

AMLM307H 

CA307T 

AMLM311D 

CA311G 

AMLM311H 

CA311T 

AM723HC 

CA723CT 

AM723HM 

CA723T 

AM741DC 

CA741CG 

AM741DM 

CA741G 

AM741HC 

CA741CT 

AM741HM 

CA741T 

AM747DC 

CA747CG 

AM747DM 

CA747G 

AM747HC 

CA747CT 

AM747HM 

CA747T 

AM748DC 

CA748CG 

AM748HC 

CA748CT 

AM748DM 

CA748G 

AM1458H 

CA1458T 

AM1558H 

CA1558T 

DH3724CN 

CA3724G 

DH3725CN 

CA3725F 

FPQ3724 

CA3724G 

FPQ3725 

CA3725G 

HA1-2111-2 

CA111G 

HA1-2211-4 

CA211G 

HA1-2311-5 

CA311G 

HA1-2630 

CA3020 

HA1-2650 

CA1558G, CA1558E 

HA1-2655 

CA1458G, CA1458E 

HA1-2720 

CA6078 

HA2-2111-2 

CA111T 

HA2-2111-4 

CA211T 

HA2-2311-5 

CA311T 

HA2-2520 

CA3100T 

HA2-2650 

CA1558T 

HA2-2655 

CA1458T 



RCA 

Industry 

Replacement 

Type 

Type 

HA2-2720 

CA3078E 

ITT1352N 

CA1352E 

ITT3064C 

CA3064T 

ITT3064N 

CA3064E 

ITT3065N 

CA3065E 

L4001M9 

2N5756 

LM100 

CA3085E 

LM101AD 

CA101AG 

LM101ADE 

CA101AG 

LM101AF 

CA101AG 

LM101AH 

CA101AT 

LM101AJ 

CA101AG 

LM101AJG 

CA101AG 

LM101AL 

CA101AT 

LM101AN 

CA101AG.CA101AE 

LM101AP 

CA101AG, CA101AE 

LM101AT 

CA101AT 

LM101D 

CA101G 

LM101F 

CA101G 

LM101H 

CA101T 

LM101J 

CA101G 

LM101N 

CA101G, CA101E 

LM101T 

CA101T 

LM107D 

CA107G 

LM107DE 

CA107G 

LM107F 

CA107G 

LM107H 

CA107T 

LM111JG 

CA111G 

LM107N 

CA107G, CA107E 

LM111P 

CA111G, CA111E 

LM107T 

CA107T 

LM111D 

CA111G 

LM111H 

CA111T 

LM111L 

CA111T 

LM111N 

CA111G, CA111E 

LM111T 

CA111T 

LM111V 

CA111G,CA111E 

LM124D 

CA124G 

LM124F 

CA124G 

LM124J 

CA124G 

LM124N 

CA124G, CA124E 

LM139AD 

CA139AG 

LM139AF 

CA139AG 

LM139AJ 

CA139AG 

LM139AN 

CA139AG, CA139AE 

LM139A 

CA139G.CA139E 

LM139D 

CA139G 

LM139F 

CA139G 

LM139J 

CA139G 

LM139N 

CA139G, CA139E 

LM158AH 

CA158AT 

LM158AN 

CA158AG, CA158AE 

LM158AT 

CA158AT 

LM158JG 

CA158G 

LM158L 

CA158T 

LM158N 

CA158G, CA158E 

LM158P 

CA158G, CA158E 

LM158T 

CA158T 

LM201AD 

CA201AG 

LM201AF 

CA201G 

LM201AH 

CA201AT 

LM201AJ 

CA201AG 

LM201AJG 

CA201AG 

LM201AL 

CA201AT 

LM201AN 

CA201AG, CA201AE 



RCA 

Industry 

Replacement 

Type 

Type 

LM201AP 

CA201AG.CA201AE 

LM201AT 

CA201AT 

LM201AV 

CA201AG, CA201AE 

LM201D 

CA201G 

LM201F 

CA201G 

LM201H 

CA201T 

LM201J 

CA201G 

LM201N 

CA201G, CA201E 

LM201N-14 

CA201G.CA201E 

LM201T 

CA201T 

LM207D 

CA207G 

LM207F 

CA207G 

LM207H 

CA207T 

LM207J 

CA207G 

LM207N 

CA207G, CA207E 

LM207T 

CA207T 

LM211D 

CA211G 

LM211H 

CA211T 

LM211N 

CA211G, CA211E 

LM211T 

CA211T 

LM224A 

CA224G ,C A224E 

LM224D 

CA224G 

LM224F 

CA224G 

LM224N 

CA224G.CA224E 

LM224T 

CA224G 

LM239AD 

CA239AG 

LM239AF 

CA239AG 

LM239AJ 

CA239AG 

LM239AN 

CA239AG, CA239AE 

LM239A 

CA239G, CA239E 

LM239D 

CA239G 

LM239F 

CA239G 

LM239J 

CA239G 

LM239N 

LM239G, CA239E 

LM258AH 

CA258AT 

LM258AN 

CA258AG, CA258AE 

LM258AT 

CA258AT 

LM258AJ 

CA258AG 

LM258JG 

CA258G 

LM258H 

CA258T 

LM258L 

CA258T 

LM258N 

CA258G, CA258E 

LM258P 

CA258G, CA258E 

LM258T 

CA258T 

LM301AD 

CA301AG 

LM301AH 

CA301AT 

LM301AF 

CA301AG 

LM301AJ 

CA301AG 

LM301AJG 

CA301AG 

LM301AL 

CA301AT 

LM301AN 

CA301AG, CA301AE 

LM301AP 

CA301AG, CA301AE 

LM301AT 

CA301AT 

LM301AV 

CA301AG, CA301AE 

LM301T 

CA301T 

LM307DE 

CA307G 

LM307D 

CA307G 

LM307F 

CA307G 

LM307H 

CA307T 

LM307N 

CA307G, CA307E 

LM307T 

CA307T 

LM311D 

CA311G 

LM311F 

CA311G 

LM311H 

CA311T 

LM311JG 

CA311G 
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Industry 

RCA 

Replacement 

Type 

Type 

LM311L 

CA311T 

LM311N 

CA311G, CA311E 

LM31 IN-14 

CA311G.CA311E 

LM311P 

CA311G, CA311E 

LM311T 

CA311T 

LM318H 

CA3130T 

LM324AD 

CA324AG 

LM324AN 

CA324AG, CA324AF 

LM324D 

CA324G 

LM324F 

CA324G 

LM324J 

CA324G 

LM324N 

CA324G, CA324E 

LM339AD 

CA339AG 

LM339AF 

CA339AG 

LM339AJ 

CA339AG 

LM339AN 

CA339AG, CA339AE 

LM339A 

CA339G, CA339E 

LM339D 

CA339G 

LM339F 

CA339G 

LM339J 

CA339G 

LM339N 

CA339G, CA339E 

LM358AH 

CA358AT 

LM358AN 

CA358AG, CA358AE 

LM358AT 

CA358AT 

LM358JG 

CA358G 

LM358H 

CA358 

LM358L 

CA358T 

LM358N 

CA358G, CA358E 

LM358P 

CA358G, CA358E 

LM358T 

CA358T 

LM393N 

CA3290E 

LM555CH 

CA555CT 

LM555CN 

CA555CG, CA555CE 

LM555H 

CA555T 

LM555N 

CA555G, CA555E 

LM723CD 

CA723CE 

LM723CH 

CA723CT 

LM723CN 

CA723CE 

LM723D 

CA723E 

LM723H 

CA723T 

LM723N 

CA723E 

LM741CH 

CA741CT 

LM741CJ 

CA741CG 

LM741CN 

CA741CG, CA741CE 

LM741H 

CA741T 

LM741N 

CA741G, CA741E 

LM746N 

CA3072 

LM747CD 

CA747CG 

LM747CH 

CA747CT 

LM747CJ 

CA747CG 

LM747CN 

CA747CG, CA747CE 

LM747D 

CA747G 

LM747H 

CA747T 

LM747J 

CA747G 

LM748CH 

CA748CT 

LM748CJ 

CA748CG 

LM748CN 

CA748CG, CA748CE 

LM748H 

CA748T 

LM748J 

CA748G 

LM1310N 

CA1310E 

LM1391N 

CA1391E 

LM1394N 

CA1394E 

LM1458H 

CA1458T 

LM1458J 

CA1458G 

LM1458N 

CA1458G, CA1458E 



RCA 

Industry 

Replacement 

Type 

Type 

LM1558H 

CA1558T 

LM1558J 

CA1558G 

LM1558N 

CA1558G, CA1558E 

LM1800N 

CA758E 

LM1820N 

CA3123E 

LM1845N 

CA3120E 

LM2111N 

CA2111AE 

LM2901N 

CA339G 

LM2904N 

CA2904G 

LM2904P 

CA2904G 

LM3011H 

CA3011 

LM3018H 

CA3018 

LM3018AH 

CA3018A 

LM3019H 

CA3019 

LM3026H 

CA3026 

LM3028AH 

CA3028A 

LM3028B 

CA3028B 

LM3039H 

CA3039 

LM3045D 

CA3045 

LM3046N 

CA3046 

LM3053H 

CA3053 

LM3054N 

CA3054 

LM3064H 

CA3064T 

LM3064N 

CA3064E 

LM3065N 

CA3065 

LM3066N 

CA3066 

LM3067N 

CA3067 

LM3070N 

CA3070 

LM3071N 

CA3071 

LM3075N 

CA3075 

LM3086N 

CA3086 

LM3089N 

CA3089E, CA3189E 

LM3126N 

CA3126E 

LM3146AN 

CA3146AE 

LM3401N 

CA3401G, CA3401E 

MC1310P 

CA1310E 

MC1352P 

CA1352E 

MC1357P 

CA2111AE 

MC1357PQ 

CA2111AQ 

MC1358P 

CA3065 

MC1364G 

CA3064T 

MC1364P 

CA3064E 

MC1370P 

CA3070 

MC1371P 

CA3071 

MC1375P 

CA3075 

MC1389P 

CA3089E, CA3189E 

MC1391P 

CA1391E 

MC1394P 

CA1394E 

MC1398P 

CA1398E 

MC1455G 

CA555CT 

MC1455P1 

CA555CG, CA555CE 

MC1455U 

CA555CG 

MC1458JG 

CA1458G 

MC1458G 

CA1458T 

MC1458L 

CA1458T 

MC1458P 

CA1458G, CA1458E 

MC1458P1 

CA1458G, CA1458E 

MC1458T 

CA1458T 

MC1541L 

CA1541D 

MC1555G 

CA555T 

MC1555P1 

CA555CG, CA555CE 

MC1555U 

CA555G 

MC1558JG 

CA1558T 

MC1558G 

CA1558T 

MC1558L 

CA1558T 



RCA 

Industry 

Replacement 

Type 

Type 

MC1558P 

CA1558G, CA1558E 

MC1558P1 

CA1558G, CA1558E 

MC1558T 

CA1558T 

MC1558U 

CA1558G 

MC1723CG 

CA723CT 

MC1723CP 

CA723CE 

MC1723G 

CA723T 

MC1741CG 

CA741CT 

MC1741CL 

CA741CG 

MC1741CP1 

CA741CG, CA741CE 

MC1741CP2 

CA741 CG ,C A741 CE 

MC1741G 

CA741T 

MCI 741 L 

CA741G 

MCI 741 U 

CA741G 

MC1747CG 

CA747CT 

MC1747CL 

CA747CG 

MC1747G 

CA747T 

MC1747L 

CA747G 

MC1748CG 

CA748CT 

MC1748CP1 

CA748CG, CA748CE 

MC1748CU 

CA748CG 

MC1748G 

CA748T 

MC1748U 

CA748G 

MC3346P 

CA3046 

MC3386P 

CA3086 

MC3401L 

CA3401G 

MC3401P 

CA3401E 

MLM101AG 

CA101AT 

MLM101AU 

CA101AG 

MLM107G 

CA101T 

MLM107U 

CA101G 

MLM111G 

CA111T 

MLM111U 

CA111G 

MLM124L 

CA124G 

MLM139AL 

CA139AG 

MLM139L 

CA139G 

MLM158G 

CA158T 

MLM158P1 

CA158G, CA158E 

MLM158U 

CA158G 

MLM201AG 

CA201AT 

MLM201AP1 

CA201AG, CA201AE 

MLM201AU 

CA201AG 

MLM207G 

CA207T 

MLM207U 

CA207G 

MLM211G 

CA211T 

MLM211U 

CA211G 

MLM224L 

CA224G 

MLM224P 

CA224G, CA224E 

MLM239AL 

CA239AG 

MLM239AP 

CA239AG, CA239AE 

MLM239L 

CA239G 

MLM239P 

CA239G, CA239E 

MLM258G 

CA258T 

MLM258U 

CA258G 

MLM301AD 

CA301AG 

MLM301AG 

CA301AT 

MLM301AP1 

CA301AG, CA301AE 

MLM301AU 

CA301AG 

MLM307G 

CA307T 

MLM307P1 

CA307G, CA307E 

MLM307U 

CA307G 

MLM311G 

CA311T 

MLM311P1 

CA311G, CA311E 

MLM311U 

CA311G 

MLM324L 

CA324G, CA324E 
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RCA 

Industry 

Replacement 

Type 

Type 

MLM324P1 

CA324G 

MLM339AL 

CA339AG 

MLM339AP 

CA339AG, CA339AE 

MLM339L 

CA339G 

MLM339P 

CA339G, CA339E 

MLM358G 

CA358T 

MLM358P1 

CA358G, CA358E 

MLM358U 

CA358G 

MPQ3724 

CA3724G 

MPQ3725 

CA3725G 

NE555JG 

CA555CG 

NE555P 

CA555CG ,C A555C E 

NE555L 

CA555T 

NE555T 

CA555CT 

NE555V 

CA555CG, CA555CE 

PM741J 

CA741T 

PM741CJ 

CA741CT 

PM741Y 

CA741G 

PM741CY 

CA741CG 

PM747K 

CA747T 

PM747CK 

CA747CT 

PM747Y 

CA747G 

PM747CY 

CA747CG 

Q2T3725 

CA3725G 

RC555DE 

CA555CG 

RC555NB 

CA555CG, CA555CE 

RC555T 

CA555CT 

RC723DB 

CA723CE 

RC723T 

CA723CT 

RC1458DE 

CA1458G 

RC1458NB 

CA1458G, CA1458E 

RC1458T 

CA1458T 

RC3401DB 

CA3401G, CA3401E 

RC741DB 

CA741 CG.CA741 CE 

RC741DC 

CA741CG 

RC741DE 

CA741CG 

RC741NB 

CA741CG, CA741CE 

RC741T 

CA741T 

RC747DC 

CA747CG 

RC747DB 

CA747CG, CA747CE 

RC747T 

CA747T 

RM555DE 

CA555G 

RM555T 

CA555T 

RM723T 

CA723T 

RM741DC 

CA741G 

RM741DE 

CA741G 

RM741T 

CA741T 

RM747DC 

CA747G 

RM747T 

CA747T 

RM1558DE 

CA1558G 

RM1558T 

CA1558T 

SE555JG 

CA555G 

SE555L 

CA555T 

SE555N 

CA555G, CA555E 

SE555P 

CA555G, CA555E 

SE555T 

CA555T 

SE9300 

RCA120 

SE9301 

RCA121 

SE9302 

RCA122 

SE9303 

2N6384 

SE9304 

2N6385 

SFC2101A 

CA101AT 

SFC2107M 

CA107T 

SFC211M 

CA111T 

SFC2201A 

CA201AT 



RCA 

Industry 

Replacement 

Type 

Type 

SFC2207 

CA207T 

SFC2211 

CA211T 

SFC2301A 

CA301AT 

SFC2301ADC 

CA301AE 

SFC2307 

CA307T 

SFC2311 

CA311T 

SFC2741C 

CA741CT 

SFC2741M 

CA741T 

SFC2748DC 

CA748CE 

SFC2748C 

CA748CT 

SG101AD 

CA101AG 

SG101D 

CA101G 

SG107D 

CA107G 

SG111D 

CA111G 

SG111M 

CA111G, CA111E 

SG111T 

CA111T 

SG201AD 

CA201AG 

SG 201AM 

CA201AG 

SG201N 

CA201G, CA201E 

SG201M 

CA201G, CA201E 

SG207D 

CA207G 

SG207N 

CA207G, CA207E 

SG207T 

CA207T 

SG211D 

CA211G 

SG211M 

CA211G, CA211E 

SG211T 

CA211T 

SG301AM 

CA301AG, CA301AE 

SG301AT 

CA301AT 

SG301N 

CA301G, CA301E 

SG301T 

CA301T 

SG307D 

CA307G 

SG307N 

CA307G, CA307E 

SG307T 

CA307T 

SG311D 

CA311G 

SG311M 

CA311G, CA311E 

SG311T 

CA311T 

SG723CN 

CA723CE 

SG723CT 

CA723CT 

SG723T 

CA723T 

SG741CD 

CA741CG 

SG741CM 

CA741CG 

SG741CN 

CA741CG.CA741CE 

SG741CT 

CA741CT 

SG741D 

CA741G 

SG741T 

CA741T 

SG747CD 

CA747CG 

SG747CN 

CA747CG, CA747CE 

SG747CT 

CA747CT 

SG747D 

CA747G 

SG747T 

CA747T 

SG748CM 

CA748CG 

SG748CN 

CA748CG, CA748CE 

SG748CT 

CA748CT 

SG748T 

CA748T 

SG1458M 

CA1458G, CA1458E 

SG1458T 

CA1458T 

SG1558T 

CA1558T 

SG3018T 

CA3018 

SG3018AT 

CA3018A 

SG3058J 

CA3058D 

SG3059J 

CA3059D 

SG3079J 

CA3079D 

SG3081N 

CA3081E 

SG3081J 

CA3081F 

SG3082N 

CA3082E 



RCA 

Industry 

Replacement 

Type 

Type 

SG3082J 

CA3082F 

SG3083J 

CA3083F 

SG3401N 

CA3401G, CA3401E 

SN52101AJ 

CA101AG 

SN52101AL 

CA101AT 

SN52101AN 

CA101AG 

SN52101AP 

CA101AG, CA101AE 

SN52107L 

CA107T 

SN52107P 

CA107G, CA107E 

SN52111L 

CA111T 

SN5211P 

CA111G, CA111E 

SN52555L 

CA555T 

SN52555P 

CA555G, CA555E 

SN52558L 

CA1558T 

SN52558P 

CA1558G, CA1558E 

SN52723N 

CA723E 

SN52723L 

CA723T 

SN52741J 

CA741CG 

SN52741L 

CA741CT 

SN52741N 

CA741 CG.CA741 CE 

SN52741P 

CA741CG, CA741CE 

SN52747L 

CA747T 

SN52747N 

CA747G, CA747E 

SN52748J 

CA748G 

SN52748L 

CA748T 

SN52748N 

CA748G.CA748E 

SN52748P 

CA748G, CA748E 

SN 72301 AJ 

CA301AG 

SN72301AL 

CA301AT 

SN72301AN 

CA301AG.CA301AE 

SN72301AP 

CA301AG 

SN72307L 

CA307T 

SN72307N 

C A307 G ,C A307E 

SN72307P 

CA307G, CA307E 

SN72311L 

CA311T 

SN72311P 

CA311G, CA311E 

SN72555L 

CA555CT 

SN72555P 

CA555CG, CA555CE 

SN72558L 

CA1458T 

SN72558P 

CA1458G, CA1458E 

SN72723N 

CA723CE 

SN72723L 

CA723CT 

SN72741J 

CA741CG 

SN72741L 

CA741CT 

SN72741N 

CA741CG.CA741CE 

SN 7274 IP 

CA741CG, CA741CE 

SN72747J 

CA747CG 

SN72747L 

CA747CT 

SN72747N 

CA747CG, CA747CE 

SN72748J 

CA748CG 

SN72748L 

CA748CT 

SN72748N 

C A748CG ,C A748CE 

SN72748P 

CA748CG, CA748CE 

SN76115N 

CA1310E 

SN76116N 

CA758E 

SN76242N 

CA3070 

SN76243AN 

CA3071 

SN76264N 

CA3072 

SN76266N 

CA3066 

SN76267N 

CA3067 

SN76298N 

CA1398E 

SN76564N 

CA3064 

SN76565N 

CA3064E 

SN76635N 

CA3123E 

SN76650N 

CA1352E 
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RCA 

Industry 

Replacement 

Type 

Type 

SN76666N 

CA3065 

SN76675N 

CA3075 

SN76676P 

CA3076 

SN76689N 

CA3089E, CA3189E 

SP3724 

CA3724G 

SP3725 

CA3725G 

SSS101AJ 

CA101AT 

SSS101AP 

CA101AG, CA101AE 

SSS107J 

CA107T 

SSS107P 

CA107G, CA107E 

SSS201AJ 

CA201AT 

SSS201AP 

CA201AG, CA201AE 

SSS207J 

CA207T 

SSS301AJ 

CA301AT 

SSS301AP 

CA301AG, CA301AE 

SSS741CJ 

CA741CT 

SSS1458J 

CA1458T 

SSS1558J 

CA1558T 

TBA810S 

CA810Q 

TBA810AS 

CA810QM 

TDA2002V 

CA2002 

TDA2002H 

CA2002M 

TBB0747 

CA747CT 

TBB0748 

CA748CT 

TBB0748B 

CA748CE 

TBB1458B 

CA1458E 

TBC0747 

CA747T 

TCA270 

CA270 

TDA3081N 

CA3081 

TDA3082N 

CA3082 

TDA3083N 

CA3083 

TDB0723 

CA723CT 

TDB0723A 

CA723CE 

TDC0723 

CA723T 

U5B7741312 

CA741T 

U5B7741393 

CA741CT 

U5B7748312 

CA748T 

U5B7748393 

CA748CT 

U5R7723312 

CA723T 

U5R7723393 

CA723CT 

U6A7723393 

CA723CG, CA723CE 

U9T7758393 

CA1458G 

U9T7741393 

CA741CG, CA741CE 

ULN2111A 

CA2111AE 

ULN2111N 

CA2111AQ 

ULN2114A 

CA3072 

ULN2124A 

CA3070 

ULN2125A 

CA3120E 

ULN2127A 

CA3071 

ULN2129A 

CA3075 

ULN2137A 

CA3123E 

ULN2165A 

CA3065 

ULN2210A 

CA1310E 

ULN2212B 

CA3012 

ULN2262A 

CA3126Q 

ULN2264A 

CA3064 

ULN2266A 

CA3066 

ULN2267A 

CA3067 

ULN2269A 

CA3121E 

ULN2289A 

CA3089E, CA3189E 

ULN2298A 

CA1398E 

ULX2244A 

CA758E 

MA101AH 

CA101AT 

mAIOIAD 

CA101AG 

HA101D 

CA101G 


Industry 

RCA 

Replacement 

Type 

Type 

/iAIOIH 

CA101T 

MA107H 

CA107T 

/iAIIIH 

CA111T 

mAIIIR 

CA111G 

HA201AD 

CA201AG 

MA201AH 

CA201AT 

MA201D 

CA201G 

MA201H 

CA201AT 

pA207H 

CA207T 

MA301AD 

CA301AG 

MA301AH 

CA301AT 

MA307H 

CA307T 

MA307T 

CA307G, CA307E 

HA301AT 

CA301AG, CA301AE 

MA311H 

CA311T 

MA311R 

CA311G 

fiA311T 

CA311G, CA311E 

*iA555HC 

CA555CT 

MA555HM 

CA555T 

MA555TC 

CA555CG, CA555CE 

jiA720PC 

CA3123E 

fiA723CA 

CA723CE 

MA723CK 

CA723CT 

MA723CL 

CA723CT 

jiA723CN 

CA723CE 

MA723DM 

CA723E 

MA723HC 

CA723CT 

MA723HM 

CA723T 

fiA723K 

CA723T 

#iA723MN 

CA723E 

^A723ML 

CA723T 

HA723PC 

CA723CE 

jiA741CJG 

CA741CG 

MA741CJ 

CA741CG 

^A741CN 

CA741CG.CA741CE 

MA741CL 

CA741T 

/iA741CP 

CA741CG, CA741CE 

^A741CT 

CA741CT 

/iA741DC 

CA741G 

j*A741DM 

CA741G 

/iA741HC 

CA741CT 

pA741HM 

CA741T 

#iA741MJG 

CA741G 

MA741MJ 

CA741G 

/iA741ML 

CA741T 

/iA741MN 

CA741G.CA741E 

jiA741MP 

CA741G, CA741E 

fiA741 PC 

CA741G, CA741E 

MA746PC 

CA3072 

MA747CA 

CA747CE 

MA747CJ 

CA747CG 

|xA747CK 

CA747CT 

MA747CL 

CA747CT 

MA747CN 

CA747CG, CA747CE 

MA747DC 

CA747CG 

MA747DM 

CA747G 

MA747HC 

CA747CT 

jiA747HM 

CA747T 

MA747MJ 

CA747G 

fiA747ML 

CA747T 

fiA747MN 

CA747G, CA747E 

fiA747PC 

CA747G, CA747E 

/iA747A 

CA747E 

MA747K 

CA747T 

MA748CJG 

CA748G 



RCA 

Industry 

Replacement 

Type 

Type 

MA748CJ 

CA748CG 

MA748CL 

CA748T 

MA748CN 

CA748G.CA748E 

HA478CP 

CA748G.CA748E 

MA748CT 

CA748CT 

MA748DC 

CA748CG 

MA748DM 

CA748G, CA748E 

fiA748HC 

CA748CT 

MA748HM 

CA748T 

/iA748MJG 

CA748G 

MA748MJ 

CA748G 

MA748ML 

CA748T 

HA748MN 

CA748G.CA748E 

yA748MP 

CA748G, CA748E 

fiA748T 

CA748T 

^A748TC 

CA748CG, CA748CE 

HA758PC 

CA758E 

MA780PC 

CA3070 

^A781PC 

CA3071 

MA787PC 

CA3126Q 

HA1391T 

CA1391E 

MA1394T 

CA1394E 

|iA1458HC 

CA1458T 

MA1458R1 

CA1458G 

MA1458HC 

CA1458G, CA1458E 

#iA1558HM 

CA1558T 

*iA3018HM 

CA3018 

MA3018AHM 

CA3018A 

ftA3019HM 

CA3019 

MA3026HM 

CA3026 

HA3036HM 

CA3036 

jjA3039HM 

CA3039 

^A3045DM 

CA3045 

HA3046DC 

CA3046 

jiA3064HC 

CA3064T 

/iA3064PC 

CA3064E 

3065 PC 

CA3065 

^A3066PC 

CA3068 

f<A3075PC 

CA3075 

MA3086DC 

CA3086F 

/iA3089E 

CA3089E, CA3189E 

MA3401P 

CA3401G, CA3401E 

MPC151A 

CA741CT 

MPC151C 

CA741CG, CA741CE 

M PC157A 

CA301AT 

MPC157C 

CA301AG, CA301AE 

MPC251A 

CA747CT 

m PC251C 

CA1458G, CA1458E 

HPC301AC 

CA301AG, CA301AE 

MPC311C 

CA311G, CA311E 

MPC324C 

CA324G, CA324E 

fj PC 339C 

CA339G, CA339E 

MPC741C 

CA741CG, CA741CE 

MPC1458C 

CA1458G, CA1458E 


\ 
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CA101, CA201, CA301 Types 

Operational Amplifiers 

For Commercial, Industrial, and Military Applications 


RCA-CA101, CA101A, CA201, CA201A, 
and CA301A are general-purpose, high-gain 
operational amplifiers for use in military, 
industrial, and commercial applications. 
These types, which are externally phase 
compensated, permit a choice of operation 
for optimum high-frequency performance at 
a selected gain; unity-gain compensation can 
be obtained with a single 30-pF capacitor. 
Types CA101A and CA201A have all the 
desirable features and characteristics of the 


CA101 and CA201 , respectively, plus superior 
input-offset characteristics, and improved 
noise performance. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-lead 
TO-5 style packages with standard leads (T 
suffix), and with dual-in-line formed leads 
(“DIL-CAN", S suffix). The CA301 A is also 
available in the 8-lead dual-in-line plastic 
package (“MINI-DIP", E suffix), and in chip 
form (H suffix). 


Maximum Ratings , Absolute-Maximum Values at T ^ = 25°C 

DC SUPPLY VOLTAGE (between V + and V~ terminals) : 

CA101, CA101 A, CA201, CA201A. . . . . . . . . . 

CA301A . . . . . . . . . . . . . . . . . 

DC INPUT VOLTAGE . . . . . . . . . ... . . . 

(For supply voltage less than ± 15 V, the 
Input Voltage rating is equal to the DC Supply Voltage) 

DIFFERENTIAL INPUT VOLTAGE 

OUTPUT SHORT-CIRCUIT DURATION 

DEVICE DISSIPATION: 

Up to T A = 75°C 

Above T A = 75°C . derate line. 

AMBIENT TEMPERATURE RANGE: 

Operating — 

CA1 01 , CA1 01 A 

CA201A . 

CA201 , CA301 A 

Storage (All types) 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16” ± 1 /32'' (1 .59 ± 0.79 mm) 

from case for 1 0 seconds max. . 


rly at 6.67 mW/°C 


-55 to +125 °C 
-25 to +85 °C 
0 to +70 °C 
-65 to +150 °C 


AtT A < 70°CandT c < 1 25°C (CA101 ); 

T a < 75°C and T c < 125°C (CA101 A, CA201A); 
T A <55°CandT c < 70°C (CA201, CA301A). 


"G" Suffix Types-Hermetic Gold-CHIP 
Dual-In-Line Plastic Package 
"E" Suffix Types-Standard Dual-ln-Line 
Plastic Package 

"T" and "S" Suffix Types-TO-5 Style Package 

Features: 

■ Short-circuit protection and latch-free 
operation 

■ Unity-gain phase compensation with a 
single 30-pF capacitor 

■ Replacement for industry types 101, 

101 A, 201, 201 A, 301 A 

Applications: 

■ Long-interval integrator 

■ Timers 

* Sample and hold circuits 


44 

V 

■ 

Summing amplifiers 

36 

V 

■ 

Multivibrators 

±15 

V 

■ 

Comparators 



■ 

Instrumentation 



■ 

AC/DC converters 

± 30 

V 

■ 

Inverting amplifiers 

Indefinite* 


■ 

Sine- & square-wave generators 



■ 

Capacitance multipliers & 

500 

mW 


simulated inductors 



NOTE: PIN 4 IS CONNECTED TO CASE 
TOP VIEW 

92CS- 23998 

a - TO-5 style package for all types 

T-Suffix 

S-Suffix 


2, f h f ? et 1 ror 


C A 10 1 , CAIOIA 
CA20I, CA20IA 
CA30IA 



Fig. 1 - Schematic diagram. 


b — Plastic package for CA301A 
G-Suffix 
E-Suffix 

Fig. 2 - Functional diagrams. 
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CA101, CA201, CA301 Types 

ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

TEST CONDITIONS* 

LIMITS 

UNITS 

LIMITS 

UNITS 

Supply Voltage (V ± ) 
= 5 to 15 V 

CA101 

CA201 

CA101A 

CA201A 

CA301A 

Min. 

■p 

Max. 

Min. 

Typ. 

Max. 

mo 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage 
VlO 

T A =25°C 

RS<10kO 

- 

1 

5 

- 

2 

7.5 

mV 

■i 

- 

- 

- 

- 

- 

mV 

Rs<50kn 

- 

- 

- 

- 

- 

- 

- 

0.7 

2 

- 

2 

7.5 

RS<10kH 

- 

- 

6 

- 

- 

10 

- 

- 

- 

- 

- 

- 

R s <50kft 

- 

- 

- 

- 

- 


- 

- 

3 

- 

- 

10 

Average Temperature 
Coefficient of Input 
Offset Voltage aVio 

RS<10kH 


6 

- 

- 

10 



_ 

_ 

- 

- 


- 

|LlV/ 0 C 

Rs<5on 


3 

- 

- 

6 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 


- 

3 

15 

- 

6 

30 

Average Temperature 
Coefficient of Input 
Offset Current 

alio 

— 55°C to +25°C 

- 

- 

- 

- 

- 



- 

0.02 

0.2 

- 

- 

- 

nA/°C 

0°C to +25°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.02 

0.6 

+25°C to +70°C 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

0.3 

+25°C to +1 25°C 

- 

- 

- 

- 

- 

- 

- 

0.01 

0.1 

- " 

- 

- 

Input Offset Current 

Uo 

Ta=0°C 

- 

- 

- 

- 

150 

750 


- 

- 

- 

r~7" 

- 


nA 

Ta-25°C 

- 

40 

200 


100 

500 

- 

1.5 

10 


3 

50 

T A =70 o C 

- 


- 


50 

400 

■ 

- 

- 

- 

- 


T A =125°C 

- 

10 

200 

- 

- 

- 

s 

— 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 


20 

- 

- 

70 

T A = — 55°C 

- 

100 

500 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

Input Bias Current 
1 1 B 

T A =-55°C 

- 

0.28 

1.5 

- 

- 

- 


- 

- 

- 

— 

- 



t A = o°c 

- 

_ 

- 

- 

0.32 

2 

- 

- 

- 

- 

- 

- 

T a=25°C 

- 

0.12 

0.5 

- 

0.25 

1.5 

- 

0.03 

0.075 

- 

0.07 

0.25 


- 

- 

- 

- 

- 

- 

- 

- 

0.1 

- 

- 

0.3 

Supply Current 

l± 

T A =25°C 

V-=1 5V 

- 

- 

- 

- 

- 

- 



- 

- 

- 

1.8 

3 

mA 

V ±= 20V 

- 

1.8 

3 


1.8 

3 


1.8 

3 

- 

- 

- 

T A =1 25°C V ± =20V 

- 

1.2 

2.5 

- 

- 

- 


1.2 

2.5 

- 

- 

- 

Open-Loop Differen- 
tial Voltage Gain 

aol 

T A -25°C V ± =15V 

Vo =± 10V R L >2kS2 

50 

160 

- 

20 

150 

- 

V/mV 


160 

- 

25 

160 

- 

V/mV 

V ± =15V 
Vq =± 10V R L ^2k il 

25 

- 

- 

15 


- 


- 

- 

15 

- 

- 

Input Resistance R| 

T A =25°C 

0.3 

0.8 

- 

0.1 

0.4 

- 



4 

- 

0.5 

2 

- 

Mf2 

Output Voltage 
Swing Vqpp 

V ±= 1 5V Rj_=l OkSZ 

±12 

±14 

- 

±12 

±14 

- 



±14 

- 

±12 

±14 

- 

V 

V±=15V R |_=2kS2 

±10 

±13 

- 

±10 

±13 

- 


±13 

- 

±10 

±13 

- 

Common-Mode 
Input-Voltage 
Range ^|CR 

V±=15V 

±12 


- 

±12 

- 

- 



- 

- 

±12 

- 

- 

V 

V ± =20V 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

Common-Mode 
Rejection Ratio 

CMRR 

R S <10kl2 

70 

90 

- 

65 

90 

- 



- 

- 

- 

- 

- 

dB 

RS<50k^2 

- 

- 

- 

- 

- 

- 


96 

- 

70 

90 

- 

Supply-Voltage 
Rejection Ratio 

PSRR 

RS<10kft 

70 

90 

- 

70 

90 

- 


- 

- 

- 

“ . 

- 

- 

dB 

RS<50kH 

- 

- 

1 

- 

- 

- 


96 

- 

70 

90 

- 


A Characteristics applicable over operating temperature range (Ta) as shown below, unless otherwise specified: 
CA101 , CA101A: -55 to +125°C; CA201A: -25 to +85°C; CA201 , CA301 A: 0 to 70°C 



CA101 

CA201 

CA101A 

CA201A 

CA301A 


Max. Vjo 

Max. 1 1 o > 

1U ( 25°C 

5 

7.5 

2 

2 

7.5 

mV 

200 

500 

10 

10 

50 

nA 

Min. Aqi_ \ 

50 

20 

50 

50 

25 

V/mV 

Ta Range 

—55 to 

0 to 

—55 to 

-25 to 

0 to 

°C 

(Operating) 

+ 125 

+70 

+125 

+85 

+70 

Slew Rate 
(Summing ampl.) 

- 

- 

10 

10 

10 

V/ms 
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CA101, CA201, CA301 Types 


Type CA101 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T 4 )- *C 


Fig. 3 — Input current (l/o, I/b) vs - temperature. 


TYPICAL STATIC CHARACTERISTICS 



0 2 5 5 7 5 10 12 5 15 175 20 

SUPPLY VOLTAGE C V*1 — V 

»2CS- 24002 

Fig. 4 — Input bias current vs. supply voltage. 



Fig. 6 — Voltage gain vs. supply voltage. 

Type CA301A 



0 15 ±10 ±15 ±20 ±25 ±30 ±35 ±40 ±45 


OUTPUT CURRENT (I 0 » — ">A 

Fig. 9 — Output characteristics. 



Fig. 12 -Closed-loop output impedance vs. frequency. 



Fig. 7 — Supply characteristics. 

TYPICAL DYNAMIC CHARACTERISTICS 
AND TEST CIRCUITS FOR TYPES 
CA101A AND CA201A 

Single-Pole Compensation 


R2 



Fig. 10 — Test circuit employing single-pole 
compensation. 



Fig. 13 — Voltage gain and phase lag vs. frequency. 


Types CA101, CA101A, and CA201A 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 

92CS-23909 


Fig. 5 — Input current (IfO, / /g) vs. temperature 
(CAT 01 A and CA201 A only). 



OUTPUT CURRENT (Io)— "A 

Fig. 8 — Output characteristics. 



Fig. 1 1 — Voltage follower (V/, Vq) pulse response. 



Fig. 14 — Output voltage swing vs. frequency. 
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CA101, CA201, CA301 Types 


Two-Pole Compensation 



Fig. 15 — Supply voltage rejection ratio vs. frequency. 


Fig. 16 — Test circuit employing two-pole 
compensation. 




Fig. 17 — Voltage follower pulse response. 


Feed-Forward Compensation 



Fig. 18 - Voltage gain and phase lag vs. frequency. Fi 9- 19 ~ Output voltage swing vs. frequency. 



Fig. 20 — Test circuit employing 

feedforward compensation. 



Fig. 21 — Inverter pulse response. 




Fig. 23 — Output voltage swing vs. frequency. 


CA101A AND CA201A 



Fig. 24 — l/f noise voltage vs. frequency. 



Fig. 25 — l/f noise current vs. frequency. 



Fig. 26 — Common-mode rejection ratio vs. frequency. 
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CA107, CA207, CA307 Types 
Operational Amplifiers 

For Military, Industrial, and Commercial Applications 


RCA-CA107, CA207, CA307 are general- 
purpose operational amplifiers intended for 
use in military, industrial, and commer- 
cial applications. A 30-pF on-chip capacitor 
provides internal frequency compensation. 
Low input current over temperature range 
(100 nA max.) for the CA107 and CA207 
make these types especially well suited for 
applications such as long interval timers and 
s'ample-and-hold circuits. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8-lead 


TO-5 style packages with standard leads (T 
suffix), and with dual-in-line formed leads 
("DIL-CAN", S suffix). The CA307 is also 
available in the 8-lead dual-in-line plastic 
package ("MINI-DIP", E suffix), and in chip 
form (H suffix). 

The CA107, CA207, and CA307 are direct 
replacements for industry types 107, 207, 
and 307 in packages with similar terminal 
arrangements. 


^^v^Feature 

Type 

Max. V|q 
( mV) 

Max. 1 |Q 
(nA) 

Max. 1 1 3 
(nA) 

Temp. 
Range (T A ) 
°C 

Package 

(Suffix) 

CA107 

3 

20 

100 

—55 to +1 25 

G, S, T 

CA207 

3 

20 

100 

-25 to +85* 

G, S, T 

CA307 

10 

70 

300 

Oto +70* 

G, E, S, T 


*Types CA207G, S, and T can be operated over the temperature range of -55 to +125°C, although the 
published limits for certain electrical specificationsapply only over the temp, range of —25 to +85°C. 
A Types CA307G, E, S, and T can be operated over the temperature range of -55 to +1 25°C, although the 
published limits for certain electrical specificationsapply only over the temp, range of 0 to 70 C. 



"G" Suffix Types— Hermetic Gold-CHIP in 
Dual -1 n-Line Plastic Package 
”E" Suffix Types— Standard Dual -1 n-Line 
Plastic Package 

"T" and "S" Suffix Types-TO -5 Style Package 

Applications: 

■ Long-interval integrators 

■ Timers 

■ Sample-and-hold circuits 

■ Summing amplifiers 

■ Multivibrators 



TOP VIEW 

92CS-2398* 


Functional diagram for plastic package. 


NO 



NOTE: PIN 4 IS CONNECTED TO CASE 
TOP VIEW 


Functional diagram for TO-5 style packages. 



0 “ 5 10 15 20 

SUPPLY VOLTAGE (V 1 ) — V 

92CS-23984 


Fig. 2 — Supply current vs. supply voltage. 



0 5 10 15 20 

SUPPLY VOLTAGE (V 1 )— V 

92CS-23985 


Fig. 3 - Open-loop differential voltage gain vs. 
supply voltage. 
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CA107, CA207, CA307 Types 


Maximum Ratings, Absolute-Maximum Values at T ^ = 25° C: 


DC SUPPLY VOLTAGE (Between V + and V~ Terminals): 

CA1 07, CA207 44 V 

CA307 36 V 

DC INPUT VOLTAGE ±15 V 

(For supply voltages less than ±15 V, the absolute maximum input voltage is equal 
to the supply voltage) 

DIFFERENTIAL INPUT VOLTAGE ±30 V 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION UP TO T A - 70°C 500 mW 

Above T A = 70°C Derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating - CA1 07 -55°C to +1 25°C 

CA207 — 25°C to +85°C A 

CA307 0°C to +70°C t 

Storage - All Types -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max +265°C 


*For type CA307 continuous short circuit is allowed for Case Temperature to +70 C and ambient temperature 
to +55°C. 

A Types CA207G, S, and T can be operated over the temperature range of -55 to +1 25°C, although the published 
limits for certain electrical specifications apply only over the temperature range of —25 to +85 C. 

TTypes CA307G, E, S, and T can be operated over the temperature range of —55 to +125°C, although the pub- 
lished limits for certain electrical specifications apply only over the temperature range of 0 to 70 C. 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A >— *C 

92CS-23986 


Fig. 4 - Input offset and input bias currents vs. 
ambient temperature. 



0 15 110 115 120 ±25 130 

OUTPUT CURRENT tl 0 ) — mA 

92CS- 23987 


Fig. 5 — Output voltage swing 1 / 5 . output current. 



Fig. 6 - 1/f noise current vs. frequency. Fi 9- 7 ~ Supply current vs. supply voltage. Fi 9- 8 ~ Open-loop differential voltage gam vs. 

supply voltage. 



Fig. 9 — Input offset and input bias current vs. Fig. 10 — Output voltage swing vs. output current. Fl 9- H ~ 1/f noise current vs. frequency, 

ambient temperature. 
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CA107, CA207, CA307 Types 


ELECTRICAL CHARACTERISTICS 



TEST CONDITIONS* 

LIMITS 

UNITS 

CHARACTERISTIC 

Supply Voltage fV±) = 

5 V to 1 5 V (CA307) 

5 V to 20 V (CA107.CA207) 

CA107 

CA207 

CA307 

Bjji 

BIS 

U2S 


BIS 

CSS 

Input Offset Voltage, 
V I0 

T a = 25°C, R s <50kf2 

B! 

KB 

m 

Bl 

B 

m 

mV 

R s <50kH 


- 

3 


- 

mm 

Average Temperature 
Coefficient of Input 
Offset Voltage, 

“ V I0 

. 

i 

3 

15 

i 

6 

30 

£tV/°C 

Input Offset Current, 

ho 


- 

- 


- 

- 

mm 

nA 

T a = 25° C 

- 

m 

m 

Bl 

El 

BS 

Average Temperature 
Coefficient of Input 
Offset Current, 
a| IO 

See Note 1 


0.01 


■ 

0.01 

0.3 

nA/°C 

See Note 2 

- 

m*£i 

Qj 

- 


0.6 

Input Bias Current, 
*IB 


- 

- 

100 

- 

- 

HJB 

nA 

T a = 25° C 

- 


B 

- 

o 


Supply Current, 
l± 

T A = +125°C, V ± = 20V 

- 

B 

B 

- 

- 

- 

mA 

T a = 25° C, V 1 = 20 V, 
(CA307 V±= 15 V) 

- 

1.8 

B 

B 

B 

3 

Open-Loop Differential 
Voltage Gain, 

a 0L 

V ± = 15 V, 

V 0 = ±10V,R L ^2kS2 

25 

B 

■ 

15 

- 

- 

V/mV 

V± = 1 5 V, V 0 = ±10 V 
R L >2k£2,T A = 25°C 

50 

160 

■ 

B 


- 

Input Resistance, 
R l 


B 

D 

B 

B 

2 

- 


Output Voltage Swing, 
v OPP 

V ± = 15 V, R L =10kl2 

BB 

BO 

B | 

3H 

BO 


V 

V ± =15V,R L = 2kn 

±10 

±13 

- 

±10 

±13 


Input Voltage Range, 
V ICR 

V± = 20 V, 

(CA307 V± = 15 V) 

±15 

- 

- 

±12 

- 

- 

V 

Common-Mode 
Rejection Ratio, 

CMRR 

R s <50k£2 

80 

96 

- 

70 

90 

- 

dB 

Supply-Voltage 
Rejection Ratio, 

PSRR 

R s < 50 k n 

80 

96 

- 

70 

96 

- 

dB 


Note 1: For. CA107, +25. to +125°C; For CA207, +25 to +85°C: For CA307, +25 to 70°C. 

Note 2: For CA107, -55 to +25°C; For CA207, -25 to +25°C: For CA307, 0 to +25°C. 

A Characteristics applicable over operating temperature range as shown below unless otherwise specified. 
CA107 - T A = -55 to +125°C 
CA207 - T A = -25 to +85°C 
CA307 - T A = 0 to 70°C 



Fig. 12 — 1/f noise voltage vs. frequency. 



Fig. 13 — Open -loop differential voltage gain vs. 
frequency. 




Fig. 15 — Voltage follower pulse response. 
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CA111, CA211, CA311 Types 


Voltage Comparators 

For Commercial and Industrial Applications 

"G" Suffix Types— Hermetic Gold-CHIP in 
Dual-In- Line Plastic Package 
“E“ Suffix Types— Standard Dual-In-Line 
Plastic Package 

"T" and “S" Suffix Types— TO-5 Style Package 
Applications 

■ Multivibrators 

■ Positive and negative peak detectors 

■ Crystal oscillators 

■ Zero-crossing detectors 

■ Solenoid, relay, and lamp drivers 


Features 

■ Single- or dual-supply operation 

■ Power consumption — 135 mW at ±15 V 

■ Strobe capability 

■ Low input-offset current: 

CA111, CA211 — 4 nA(typ.) 

CA311 — 6 nAltyp.) 

■ Differential input-voltage range — ±30 V 

■ Directly interchangeable with National 

Semiconductor LM111, LM211,and 
LM311 Series types 


The RCA-CA1 11, CA211, and CA311 are 
monolithic voltage comparators that operate 
from dual supplies up to ±15 V, or from 
single supplies down to 5 V. This single- 
supply capability makes the outputs of these 
devices compatible with RTL, DTL, TTL, 
and MOS circuits. In addition, they can drive 
lamps or relays, and switch voltages up to 
50 V (CA311, 40 V) at currents as high as 
50 mA. 

The inputs and the outputs of the CA111, 
CA211, and CA311 can be isolated from 
system ground, allowing the output to 
drive loads referred to ground, V + , or V”. 

All types are available in hermetic gold-CHIP 
dual-in-line plastic packages (G suffix), 8- 
lead TO-5 style packages with standard leads 
(T suffix), and with dual-in-line formed leads 
("DIL-CAN", S suffix). The CA31 1 is also 
available in the 8-lead dual-in-line plastic 
package (“MINI- DIP",E suffix), and in chip 
form (H suffix). 


v* 



Functional diagram for TO-5 style package. 



(?) INPUT OFFSET 


Functional diagram for plastic package. 


^^Feature 

Type 

Max. Vjq 
( mV) 

Max. I|q 
( nA) 

Max. 1 10 
(nA) 

Temp. 
Range (Ta) 
°C 

Package 

(Suffix) 

CA111 

3 

10 

100 

-55 to +125 

G,S,T 

CA211 

3 

10 

100 

-25 to +85* 

G,S,T 

CA311 

7.5 

50 

250 

0 to +70 t 

G,E,S,T 


MAXIMUM RATINGS, Absolute Maximum Values at T A =25°C 


DC SUPPLY VOLTAGE (between V + and V“ terminals) 36 V 

DC INPUT VOLTAGE* ±15 V 

DIFFERENTIAL INPUT VOLTAGE ±30 V 

OUTPUT TO NEGATIVE SUPPLY VOLTAGE (V 7-4 ): 

CA1 1 1 , CA21 1 50 V 

CA311 40 V 

GROUND TO NEGATIVE SUPPLY VOLTAGE (V 1-4 ) 30 V 

OUTPUT SHORT-CIRCUIT DURATION 10 s 

DEVICE DISSIPATION: 

Up to T a = 25°C 500 mW 

Above T a = 25°C derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating: 

CA111 —55 to +125°C 

CA211 —25 to +85°C* 

CA311 0 to +70°C ^ 

Storage, all types —65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10 seconds max +265 C 


’This rating applies for ±15 V supplies. The positive input-voltage limit is 30 V above the negative supply. 
The negative input-voltage limit is equal to the negative supply voltage or 30 V below the positive supply. 
The negative input-voltage limit is equal to the negative supply voltage or 30 V below the positive supply, 
whichever is less. 


A Types CA211G,S, and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper- 
ature range of -25 to +85°C. 

t Types CA31 1G,E,S and T can be operated over the temperature range of —55 to +125°C, 
although the published limits for certain electrical specifications apply only over the temper- 
ature range of 0 to 70°C. 
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CA111, CA211, CA311 Types 

TYPICAL CHARACTERISTICS - ALL TYPES 


. AMBIENT TEMPERATURE <T A )*25*C:: !{« ittj 
| SUPPLY VOLTAGE (V“) -15 V it JH 1HI i 

I l- l 1- I [■ i- - 


1 


ri INPUT OVERDRIVE VOLTAGE ■ 2 mV H 



■ * ill : 

tmmiitilUlSf 


0 0.2 0.4 0.6 0.8 

TIME <«» — 


Fig. 1 — Response time for various input 
overdrive voltages— positive input. 



92CS-24302 

Fig. 2 — Response time for various input 
overdrive voltages— negative input. 


INPUT 

OFFSET/ INPUT 

STROBE OFFSET 




NOTE ALL RESISTANCES ARE IN OHMS 


Fig. 3 — Schematic diagram for CA111, CA2 1 1, and CA31 1 



Li ■■?<■■■■■■ ■■■■■■■■■■■■■■■■■■■■ 

|a a; :::::::::::::::::::: 
Maw :::::::::::::::::::: 
:::::::::::::::::::: 

■■■■■■■■■■ ■■■■■■■■■■ 


Fig. 7 - Supply current vs. supply voltage. 


Fig. 8 — Input bias current vs. ambient 
temperature. 


-50 - 26 0 25 SO 75 100 II 

AMBIENT TEMPERATURE (T A ) — *C 

92CS-J 

Fig. 9 — Input offset current vs. ambient 
temperature. 











CA111, CA211, CA311 Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

TEST CONDITIONS 

LIMITS 

UNITS 

SUPPLY VOLTAGE (V 1 ) - 15 V 
UNLESS OTHERWISE SPECIFIED 

caJIi 

CA311 

CWSI 




Input Offset 
Voltage, Vjq 

R s < 5 k £2 , Note 2 


m 

wa 

2 

mm. 

mV 

Note 1 


4 


m 

Saturation Voltage 



m 

D 

■ 

■ 


bwum 


1 

B 

■ 

B 

Input Voltage 
Range, V|pp 


m 

SB 

- 

±14 

- 

V 

Input Offset 
Current, Ijq 

Note 2 

BBSS 

KX 

■a 

6 


nA 

mm 



Hi 

wa 

Input Bias 
Current, I|q 

Note 2 

ESS3 


mu 


EM 

nA 

Note 1 

- 


Hi 




T A = 25°C 

5.1 

6 

5.1 

7.5 

mA 

nnsifli 



m 

5 

4.1 

5 






■a 


_ 


H5SHI 

m 


Hi 

- 

EH 

Strobe On Current 


T A =25°C 

3 

- 

3 


mA 

Voltage Gain, A 


T a =25°C 

200 

- 

200 

- 

V/mV 

Response Time 

100 mV Input Step with 
5 mV overdrive voltage 

T a =25°C 

200 

- 

200 

- 

ns 


Note 1 : Ambient temperature (T^) over applicable operating temperature range as shown 
below. 

CA111 CA211 CA311 

-55 to +1 25°C -25 to +85°C 0 to +70°C 

Note 2: The input offset characteristics given are the values required to drive the output to 
within 1 V of either supply with a 1-mA load. These characteristics define an error 
band which takes into account the worst-case effects of voltage gain and input 
impedance. The input offset voltage, input offset current, and input bias current 
specifications apply for any supply voltage from a 5 V single supply up to a ±1 5 V 
dual supply. 


TYPICAL CHARACTERISTICS - CA111, 
CA211 (CONT'D) 



DIFFERENTIAL INPUT VOLTAGE (Vi 0 > — mV 

92CS- 24391 

Fig. 12 — Transfer function. 



Fig. 13 — Output saturation voltage vs. 
output current. 



92CS-2AJ93 


Fig. 14 — Supply current vs. ambient 
temperature. 



Fig. 15 — Input and output leakage current 
vs. ambient temperature. 
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CAtll, CA211, CA311 Types 

I l00 «| AMBIENT TEMPERATURE (T A > 


IBBSill 


INPUT RESISTANCE (Ri)*” 0 


Fig. 16 - Offset error. 


TYPICAL CHARACTERISTICS - CA311 



A MS I ENT TEMPERATURE (T A > — *C 

92CS-24394 

Fig. 17 — Input bias current vs. ambient 
temperature. 
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92CS-24397 

Fig. 18 — Input offset current vs. ambient 
temperature. 



I 

::: 

ff 

11 


ilii 

ii in :i 

w 

jj 

::::::: 



ii iss a 

ill 


ii:!::; 


*!K! 

tttsiS in:i:;u :::: 

iiii i! 

Hi 

Hi 

Tflif 

Hill 

::::::: 

tili 

:::::::::::::: 

:::::::::::::: 

I 

p|i 

HBiffli 

18 

818 


: i!= 

88 

BBB il :a: 
BMillil 

S?H 

iu> 

I 

8181 

1888 

iiilili 

M. 

:::::::::::::: 

iiiilliil 

ii 

B 

WMBliM 

I 

BH 

Ilii 

Ilill 

88 

BBBBB 

i 

118 

8188 

I8888IB 


HHHK1 

i 

88! 

ilii 


5 -10 -5 0 

DIFFERENTIAL INPUT VOLT 

5 1 

AGE ( Vto 



REFERRED TO SUPPLY VOLTAGES t 


92C3-24 390 

Fig. 19 — Input characteristics. 
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Fig. 20. - Common-mode voltage range limits vs. 
ambient temperature. 
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Fig. 21 — Transfer function. 
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Fig. 22 - Output saturation voltage vs. 
output current. 
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Fig. 23 — Supply current vs. ambient 
temperature. 



Fig. 24 — Input and output leakage current 
vs. ambient temperature. 



INPUT RESISTANCE (Rj) — 0 . 


Fig. 25 - Offset error. 








CA124, CA224, CA324 Types 


Quad Operational Amplifiers 

For Commercial, Industrial, and Military Applications 


The RCA-CA124, -CA224, and -CA324 con- 
sist of four independent, high-gain opera- 
tional amplifiers on a single monolithic 
substrate. An on-chip capacitor in each of the 
amplifiers provides frequency compensation 
for unity gain. These devices are designed 
specifically to operate from either single or 
dual supplies, and the differential voltage 
range is equal to the power-supply voltage. 
Low power drain and an input common- 
mode voltage range of from 0 V to V + —1 .5 V 


(single-supply operation) make the CA124, 
CA224, and CA324 suitable for battery 
operation. 

The CA124, CA224, and CA324 are supplied 
in a 14-lead dual-in-line plastic package (E 
suffix), or in a hermetic gold-chip 14-lead 
dual-in-line plastic package (G suffix) to pro- 
vide true hermetic performance. The CA324 
is also available in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). 


"E" Suffix Types: Standard Dual-ln-Line 
Plastic Package 

"G" Suffix Types: Hermetic Gold-Chip 
Dual-ln-Line Plastic Package 

Features: 

■ Operation from single or dual supplies 

■ Unity-gain bandwidth 1 MHz (typ.) 

■ DC voltage gain 100 dB (typ.) 

■ Input bias current 45 nA (typ.) 

■ Input offset voltage 2 mV (typ.) 

■ Input offset current 5 nA (typ.) 

tor CA224, CA324 
3 nA (typ.) for CA124 

■ Replacement for industry types 124, 224, 324 


MAXIMUM RATINGS, Absolute-Maximum Values at = 25° C 

SUPPLY VOLTAGE 

DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V, <-0.3 V) f 

OUTPUT SHORT CIRCUIT TO GROUND 

(V + <15 V) * 

DEVICE DISSIPATION: 

Up to T A = 55°C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating. . 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10 seconds max. 


32 V or ±1 6 V 
±32 V 
-0.3 V to +32 V 
50 mA 


Continuous 

. . 750 mW 

derate linearly at 6.67 mW/°C 

. . —55 to +125°C 

-65 to +150°C 


+265°C 


*The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + > 15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of the device. 

tThis input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor 
action on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. 
This transistor action is not destructive and normal output states will re-establish when the input voltage, 
which was negative, again returns to a value greater than —0.3 V dc. 


Applications 

■ Summing amplifiers 

■ Multivibrators 

■ Oscillators 

■ Transducer amplifiers 

■ DC gain blocks 



Fig. 1 — Functional diagram. 



Fig. 2— Schematic diagram-one of four operational amplifiers. 



CA124, CA224, CA324 Types 

ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 



TEST CONDITIONS 

CA124 

LIMITS 

CA224, CA324 
LIMITS 

UNITS 

CHARACTERISTIC 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

T A = 25°C I 

Input Offset Voltage, V|q 

Note 3 

- 

2 

5 

- 

2 

7 

mV 

Output Voltage Swing, VQpp 

R L = 2 k^ 

0 

- 

V+-1.5 

0 

- 

V + — 1.5 

V 

Input Common-Mode 
Voltage Range, VjQg 

Note 2, V + =30 V 

0 

- 

V + — 1.5 

0 

- 

V+-1.5 

V 

Input Offset Current, I|q 

'i + -'f 

- 

3 

30 

- 

5 

50 

nA 

Input Bias Current, 1 |g 

l| + or 1 1 , Note 1 

- 

45 

150 

- 

45 

250 

nA 

Output Current (Source), Iq 

V, + =+1 V, V|“=0 V, 
V + =15 V 

20 

40 

- 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V| + =0 V,V|“=1 V,V + =15 V 

10 

20 

- 

10 

20 

- 

mA 

> 

ii 

'_> 

> E 

> o 
o° 

J II 

+ - o 

> > 

12 

50 

- 

12 

50 

- 

MA 

Large-Signal Voltage Gain, A 

R l >2 kS7,V + =15 V 
(For large Vq swing) 

94 

100 

- 

88 

100 

- 

dB 

Common-Mode Rejection Ratio, 
CMRR 

DC 

70 

85 

- 

65 

70 

- 

dB 

Power Supply Rejection Ratio, 
PSRR 

DC 

65 

100 

- 

65 

100 

- 

dB 

Amplifier-to- Amplifier 
Coupling 

f=1 to 20 kHz (Input re- 
ferred) 

- 

-120 

- 


-120 

- 

dB 



T a = -55 to +125°C 

T a =-40 to +85°C (CA224), 
T A = 0 to 70°C (CA324) 

Input Offset Voltage, V|q 

Note 3 

- 


7 

- 

- 

9 

mV 

Temperature Coefficient of 
Input Offset Voltage, a V|Q 

R s = 0 

- 

7 

- 

- 

7 

- 

juV/°C 

Input Offset Current, 1 1 q 

'i + -T 

- 

- 

100 

- 

- 

150 

nA 

Temperature Coefficient of 
Input Offset Current, a l|Q 


- 

10 

- 

- 

10 

- 

P A/°C 

Input Bias Current, l|g 

'l + °r 'r 

- 

- 

300 

- 

- 

500 

nA 

Supply Current, l + 

R|_ = 00 On All Ampl. 

- 

0.8 

2 

- 

0.8 

2 

mA 

Input Common-Mode 
Voltage Range, V|Qg 

V + = 30 V 

0 

- 

V + — 2 

0 

- 

V + — 2 

V 

Large-Signal Voltage Gain, A 

R l >2 k£2,V + =15 V 
(For large Vq swing) 

88 

- 

- 

83 

- 

- 

dB 

Output Voltage Swing: 
High-Level, Vqj_| 

R l =2 kS2,V + =30 V 

26 

_ 

_ 

26 

- 

- 

v 

R l =10 k£2 

27 

28 

- 

27 

28 

- 


Low-Level, Vql 

R l =10 k£2 

- 

5 

20 

- 

5 

20 

mV 

Output Current: 
Source, Iq 

V| + =1 V oc ,Vf=0, 
V + =15 V 

10 

20 

- 

10 

20 

- 

mA 

Sink, Iq 

V|-=1 V DC .V| + =0. 
V + =15 V 

5 

8 

- 

5 

8 

- 

mA 

Differential Input Voltage 

Note 2 

- 

- 

V + 


- 

v + 

V 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading 
change exists on the input lines because this current is essentially constant, independent of 
the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go 
negative by more than 0.3 V. The positive limit of the common-mode voltage range is 
V + — 1 .5 V, but either or both inputs can go to +32 V without damage. 

NOTE 3: Vq = 1 .4 Vqq, R $ = 0 Si with V + from 5 V to 30 V; and over the full input common- 
mode vol tage range (0 V to V + — 1 .5 V) . 
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INPUT CURRENT (Ii) 



CA124, CA224, CA324 Types 

TYPICAL CHARACTERISTICS CURVES 



-73 -50 -23 0 23 30 75 100 125 

AMBIENT TEMPERATURE (Ta)— «C 

92CS-26496 


Fig. 3— Input current vs. ambient temperature. 


Fig. 4-Supply current drain vs. supply voltage. 


Fig. 5 -Large-signal frequency response. 










CA139, CA239, CA339 Types 
Quad Voltage Comparators 


For Industrial, Commercial, and Mill 

The RCA-CA1 39, -CA239, -CA339, -CA1 39A, 
-CA239A, and -CA339A types consist of four 
independent single- or dual-supply voltage 
comparators on a single monolithic substrate. 
The common-mode input voltage range in- 
cludes ground even when operated from a 
single supply, and the low power supply cur- 
rent drain makes these comparators suitable 
for battery operation. These types were de- 
signed to directly interface with TTL and 
and CMOS. 


Applications 

Types CA139A, CA239A, and CA339A 
have all the features and characteristics of 
their prototype counter parts CA139, CA239, 
and CA339 plus an even lower input-offset- 
voltage characteristic. These devices are sup- 
plied in a 14-lead dual-in-line plastic package 
(E suffix), or in a 14-lead dual-in-line plastic 
package with a hermetic chip (G suffix), to 
provide true hermetic performance. The 
CA339 is also available in chip form (H 
suffix), and as a hermetic chip (HG suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25° C: 

DC SUPPLY VOLTAGE 

DC DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V ( < -0.3 V)* 

OUTPUT SHORT CIRCUIT TO GROUND* 

(Single Supply) 

DEVICE DISSIPATION: 

Up to T A = 55° C 


derate linearly c 


AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1 .59 ± 0.79 mm) 
from case for 10 seconds max 


Inputs must not go more negative than —0.3 V. 

*Short circuits from the output to V + can cause excessive heating and eventual destruction. 
The maximum output current independent of V + is approximately 20 mA. 



Fig. 1 —Schematic diagram. 


”E" Suffix Types: Standard Dual-ln-Line 
Plastic Package 

"G" Suffix Types: Flermetic Gold-Chip 
Dual-ln-Line Plastic Package 

Features: 

■ Operation from single or dual supplies 

■ Common-mode input-voltage range to ground 

■ Output voltage compatible with TTL, DTL, 
ECL, MOS, and CMOS 

■ Differential input-voltage range equal to the 
supply voltage 

■ Maximum input-offset voltage (V|q): 

CA139A, CA239A, CA339A - 2 mV 
CA139, CA239, CA339 - 5 mV 

■ Replacement f<?r industry types 139, 239 
339, 139A, 239A, and 339A 

Applications: 

■ Square-wave generators 

■ Time-delay generators 

■ Pulse generators 

■ Multivibrators 

■ High-voltage digital logic gates 

■ A/D converters 

■ MOS clock timers 



Fig. 2 —Functional diagram. 


TYPICAL CHARACTERISTICS 



SUPPLY VOLTAGE (V+)-V 


Fig. 3-Supply current vs. supply voltage. 
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CA139, CA239, CA339 Types 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS | 

UNITS 

V + = 5 V 

Unless otherwise 
indicated 

CA139 

CA139A 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset 
Voltage (Vjq) 

At Output Switch 
Point V = 1.4 V 

Vref = 

1.4 V,R s = 0 

25°C 

- 

2 

5 

- 

1 

2 

mV 

Note 1 

- 

- 

9 

- 

- 

4 

Differential Input 
Voltage (V )D ) 

Keep all inputs > 0 V 
for V~ (If used), 
Notes 1, 2 

- 

- 

36 

- 

- 

36 

V 

Saturation Voltage 
<V S at> 

vr = 1 v, 

V, + = 0 V, 

■sink ^ 

4 mA 

25°C 

Hi 

2|| 

500 

- 

m i 

500 

mV 

Note 1 

B 

B 

700 

B 

B 

700 

Common-Mode 
Input Voltage 
Range (V, CR ) 

Note 3 

25°C 

0 

_ 

OKI 

19 


RBI 

V 

Note 1 

0 

- 

V+-2 

H 

- 

V + — 2 

Input Offset 
Current (I|q) 

mm 

25°C 

- 

3 

25 

_ 

3 

25 

nA 

Note 1 

- 

- 

100 

- 

- 

100 

Input Bias Current 
(•iB* 

l| + orl|- 

with Output 
in Linear 
Range 

25°C 

- 

25 

100 

- 

25 

100 

nA 

Note 1 

- 

- 

300 

- 

- 

300 


R L = 00 on all com- 
parators, T A = 25°C 

- 

0.8 

2 

- 

0.8 

2 

mA 

Output Leakage 
Current 

V, + > 1 V, 
V|" = 0, 
V 0 = 5V 

25°C 

l 

0.1 

■ 

1 

0.1 

■ 

nA 

V| + >1 V, 
V|- = 0, 
v 0 = 30 V 

Note 1 

I 

i 

■ 

1 

■ 

■ 

pA 

Output Sink 
Current 

Vf>1 V, 
V| + = 0, 

Vq <+1.5 V, 
T A = 25°C 

6 


B 

6 

16 

■ 

mA 

Voltage Gain (Aq|_) 

R L >15kft,V + =15 V, 
T a = 25°C 

- 

200 


50 

200 

■ 

V/mV 

Large Signal 
Response Time 

V, = TTL Logic 
Swing, V R pp = 

+1.4 V,V RL = 50 V, 
R L = 5.1 k£2, 

T a = 25°C 

1 

300 

1 

1 

300 

1 

ns 

Response Time 
See Figs. 5 & 6 

V RL = 5 V, 
R L = 5.1 kfi. 
T A = 25°C 

I 

1.3 

■ 

l 

1.3 

■ 

MS 


Note 1: Ambient Temperature (T A ) applicable over operating temperature range as shown below. 

r^loA ( ~ 55 to +125 ° C) (—25 to +85°C) I CA3 j^ (0 to +70°C) 

CA139A I CA239A | CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 

the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than —0.3 V (or 0.3 V below the magnitude of the 
negative power supply, if used). 

Note 3: The upper end of the common-mode voltage range is (V + ) — 1 .5 V, but either or both inputs can 

go to +30 V without damage. 


TYPICAL CHARACTERISTICS (Cont'd) 



Fig. 4-Input current vs. supply voltage. 



Fig. 5-Response time for various input 
o verdri ves—negati ve transition. 



\ i i.e 

Tine <o— 


• tcs — 14IS4 

Fig. 6- Response time for various input 
overdrives— positive transition. 



92CS- 24155 


Fig. 7-Output saturation voltage vs. output sink 
current. 
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CAI39, CA239, CA339 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS | 

LIMITS j 

UNITS 

V + = 5 \ 

Unless othe 
indicate 

/ 

CA239, CA339 

CA239A, CA339A 

rwise 

d 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset 
Voltage (Vjq) 

At Output Switch 
Point VS 1.4 V 

V REF “ 

1.4 V,Rg = 0 

25°C 

- 

2 

5 

- 

1 

2 

mV 

Note 1 

- 

- 

9 

- 

- 

4 

Differential Input 
Voltage (V, D ) 

Keep all inputs >0 
V for V - (If used), 
Notes 1 , 2 

- 

- 

36 

- 

- 

36 

V 

Saturation Voltage 

«V«) 

V|~= 1 V, 
V, + = 0 V, 

•sink ^ 

4 mA 

25°C 

- 

250 

500 

- 

250 

500 

mV 

Note 1 

- 

- 

700 


- 

700 

Common-Mode 
Input Voltage 
Range (V, CR ) 

Note 3 

25°C 

0 


V + — 1.5 

0 

. 

V + — 1.5 

V 

Note 1 

0 

- 

< 

+ 

1 

ro 

0 


CM 

1 

+ 

> 

Input Offset 
Current (I|q) 

'i + -T 

25°C 

- 

5 

50 

- 

5 

50 

nA 

Note 1 

- 

- 

150 

- 

- 

150 

Input Bias Current 
(•iB* 

ii + ° r I, - 
with Output 
in Linear 
Range 

25°C 

- 

25 

250 

- 

25 

250 

nA 

Note 1 

- 

- 

400 

- 

- 

400 

Supply Current (l + ) 

R L = 00 on all com- 
parators, T A = 25°C 

- 

0.8 

2 

- 

0.8 

2 

mA 

Output Leakage 
Current 

< < < 
Vi 

25°C 


0.1 

- 

— 

0.1 


nA 

V| + >1V, 
V|- = 0, 
v 0 = 30 V 

Note 1 

- 

- 

1 

- 

- 

1 

ma 

Output Sink 
Current 

V,“>1 V, 

v, + = o, 

V 0 <+1-5 V, 
T a = 25°C 

6 

16 

- 

6 

16 

- 

mA 

Voltage Gain (Aq|J 

R L >15kny + =15 V 
T a = 25°C 

- 

200 

- 

50 

200 

- 

V/mV 

Large Signal 
Response Time 

V| = TTL Logic 
Swing, V R [=p = 

+1.4 V,V RL = 50 V, 
R|_ = 5.1 k n, 

T a = 25°C 

- 

300 

- 

- 

300 

- 

ns 

Response Time 
See Figs. 5 & 6 

V RL = 5V, 
R l = 5.1 kft, 
T A = 25°C 

- 

1.3 

- 

- 

1.3 

- 

Ms 


Note 1 : Ambient Temperature (T A ) applicable over operating temperature range as shown below. 

f*]?* ( - 55 to +125 °G) ^ <-25 t0 +85 ° C > (0 to +70°C) 

CA139A CA239A CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 

the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than -0.3 V (or 0.3 V below the magnitude of the 
negative power supply, if used). 

Note 3: The upper end of the common-mode voltage range is (V + ) — 1 .5 V, but either or both inputs can 

go to +30 V without damage. 




CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


Dual Operational Amplifiers 

For Commercial, Industrial, and Military Applications 


The RCA-CA1 58, -CA158A, -CA258, 

— CA258A, -CA358, -CA358A, and CA- 
2904 types consist of two independent, high 
gain, internally frequency compensated op- 
erational amplifiers which are designed speci- 
fically to operate from a single power supply 
over a wide range of voltages. They may also 
be operated from split power supplies. The 


supply current is basically independent of 
the supply .voltage over the recommended 
voltage range. 

These devices are particularly useful in in- 
terface circuits with digital systems and can 
be operated from the single common 5 Vdc 
power supply. They are also intended for 
transducer amplifiers, dc gain blocks and 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25° C 
SUPPLY VOLTAGE, V+: 

CA2904 26 V or ± 13 V 

Other Types 32 V or ± 1 6 V 

DIFFERENTIAL INPUT VOLTAGE: 

CA2904 ± 26 V 

Other Types ±32V 

INPUT VOLTAGE -0.3 V to V + V 

INPUT CURRENT (V| < -0.3 V) + 50 mA 

OUTPUT SHORT CIRCUIT TO GROUND 

(V + <15V)* Continuous 

DEVICE DISSIPATION: 

Up to T a = 55°C 630 mW 

Above T a = 55°C derate linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating — 55to+125°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 

from case for 10 seconds max. + 300 °C 


+ This input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby act- 
ing as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor ac- 
tion on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This 
transistor action is not destructive and normal output states will re-establish when the input voltage, which 
was negative, again returns to a value greater than —0.3 V dc. 

* The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + > 15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of the device. Destructive dissipa- 
tion can result from simultaneous short circuits on both amplifiers. 




Features: 

■ Internal frequency compensation for unity gain 

■ High dc voltage gain - 100 dB typ. 

■ Wide bandwidth at unity gain — 1 MHz typ. 

■ Wide power supply range: 

Single supply 3 to 30 V 

Dual supplies ± 1.5 to ± 15 V 

■ Low supply current — 1.5 mA typ. 

■ Low input bias current 

■ Low input offset voltage and current 

■ Input common-mode voltage range 
includes ground 

■ Differential input voltage range equal to 
V+ range 

■ Large output voltage swing — 0 to V + 

-1.5 V 


many other conventional op amp circuits 
which can benefit from the single power 
supply capability. 

The CA158, CA158A, CA258, CA258A, 
CA358 and CA358A types are supplied in 
hermetic gold-CHIP 8-lead dual-in-line plastic 
packages (G suffix), 8-lead TO-5 style pack- 
ages with standard leads (T suffix), and 
with dual-in-line formed leads (DIL-CAN, S 
suffix). The CA2904 is supplied only in the 
gold-CHIP plastic package (G suffix). 

The CA158, CA158A, CA258, CA258A, 
CA358, CA358A, and CA2904 types are an 
equivalent to or a replacement for the in- 
dustry types 158, 158A, 258, 258A, 358, 
358A, and 2904. 



Fig. 2 — Functional diagram for CA 158, CA258, 
and CA358 S- and T-suffix types. 



Fig.3 — Functional diagram for CA158, CA258, 
CA358, and CA2904 G-suffix types. 


Fig. 1 — Schematic diagram — one of two operational amplifiers. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


ELECTRICAL CHARACTERISTICS (Values Apply For Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA158A (G, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V|Q 

Note 3 

- 

1 

2 

mV 

Output Voltage Swing, Vqpp 

R|_ = 2 k£2 

0 

- 

V + -1.5 

V 

Input Common-Mode 
Voltage Range, V|CR 

Note 2, V+ = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

| i + - , r 

- 

2 

10 

nA 

Input Bias Current, l|B 

l| + or 1 1 , Note 1 

- 


50 

nA 

Output Current (Source), lo 

V|+ = +1 V, V| ~ = 0 V, 
V + = 15 V 

I^j 

□ 

- 


Output Current (Sink), lo 

V|+ = 0V, V|~=1 V,V + =15 V 



- 


V|+ = 0 V, V| — = 1 V, 
V 0 = 200 mV 

B 


- 

D 

Short Circuit Output Current 

R |_ = 0 (to Ground) Note 4 

5 


60 


Large Signal Voltage Gain, Aol 

Rl_>2k n, V+=15 V 
(For large Vo swing) 



- 

H 

Common-Mode Rejection 
Ratio, CMRR 

DC 

D 


- 

1 

Power Supply Rejection 
Ratio, PSRP 

DC 

D 


- 


Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

TA = -55to+125°C | 

Input Offset Voltage, V|o 

Note 3 

- 

- 

4 

mV 

Temperature Coefficient of 
Input Offset Voltage, “V | o 

R s = 0 

- 

7 



Input Offset Current, l|0 

'i + -T 

- 


30 

iHi 

Temperature Coefficient of 
Input Offset Current, «l iq 


- 

10 

200 

pA/°C 

Input Bias Current, I|b 

i| + or I," 

- 

40 

100 

nA 

Input Common-Mode 
Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

. 

Supply Current, 1 

R|_ = °° On All Ampl. 

- 

0.7 

1.2 

mA 

R|_ = °°, V + = 30 V 

- 

1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + — 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vqc- r s = 0 ft with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0 Vto V+-1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 



Fig. 4 — Input voltage range as a function of 
supply voltage. 



92CS- 26486 

Fig. 5 — Input current as a function of 
ambient temperature. 
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Fig. 6 — Supply current drain as a function of 
supply voltage. 
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Fig. 7 — Common mode rejection ratio as a 
function of input frequency. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA258A (G, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

| Ta = 25°C I 

Input Offset Voltage, V|0 

Note 3 

- 

1 

3 

mV 

Output Voltage Swing, VoPP 

RL = 2 kft 

0 

- 

V+ -1.5 

V 

Input Common-Mode 
Voltage Range, V|CR 

Note 2. V + = 30 V 

0 

- 

V + -1.5 

V 

Input Offset Current, l|0 

■i + -T 

- 

2 

15 

nA 

Input Bias Current, l|B 

lj + or l| — , Note 1 

- 

40 

80 

nA 

Output Current (Source), lo 

V|+ = +1 V, V| - = o V, 
V+=15 V 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V| + = 0V, V|~=1 V,V + =15 V 

10 

20 

- 

mA 

V|+ = 0 V, V | — = 1 V, 
Vo = 200 mV 

12 

50 

- 

/ja 

Short Circuit Output Current 

R l = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aql 

R L >2kft, V+=15V 
(For large Vo swing) 

50 

100 

- 

V/mV 

Common-Mode Rejection 
Ratio, CMRR 

DC 

70 

85 

- 

dB 

Power Supply Rejection 
Ratio, PSRR 

DC 

65 

100 

- 

dB 

Amplifier-to- Amplifier 
Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

T A = -25 to +85°C j 

Input Offset Voltage, V|Q 

Note 3 

- 

- 

4 

mV 

Temperature Coefficient of 
Input Offset Voltage,«V|0 

R s = 0 

- 

7 

15 

AiV/°C 

Input Offset Current, 1 j o 

•i + -T 

- 

- 

30 

nA 

Temperature Coefficient of 
Input Offset Current, “1 1 q 


- 

10 

200 

P A/°C 

Input Bias Current, I|b 

>l + orl,- 

- 

40 

100 

nA 

Input Common-Mode 
Voltage Range, V|QR 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R 1 _ = oo On All Ampl. 

- 

0.7 

1.2 

mA 

R|_ = °°, V + = 30 V 

- 

1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vqc, R s = 0 H with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(OVto V+-1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V 4 . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 



Fig. 8 — Voltage gain as a function of 
supply voltage. 



Fig.9 — Open-loop frequency response. 



Fig. 10— Voltage follower pulse response. 



Fig. 11 — Voltage follower pulse response 
(small signal). 






CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA358A (G, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

jjlll 

Typ. 

Max. 

T A = 25°C | 

Input Offset Voltage, V|Q 

Note 3 

- 

2 

3 

mV 

Output Voltage Swing, VoPP 

R|_ = 2kfi 

0 

- 

V+ -1 .5 

V 

Input Common-Mode 
Voltage Range, V|qr 

Note 2, V + = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

i| + -T 

- 

5 

30 

nA 

Input Bias Current, 1 ib 

l| + or 1 1 # Note 1 • 

- 

45 

100 

nA 

Output Current (Source), Iq 

V| + = +1 V, V| “ = 0 V, 
V+ = 15 V 



- 


Output Current (Sink), Iq 

V|+ = 0 V, V| — = 1 V, V + =15 V 

m 


- 

mA 

V| + = 0 V, V | = 1 V, 
Vq = 200 mV 

D 




Short Circuit Output Current 

R i_ = 0 (to Ground) Note 4 

^71 




Hi 


Large Signal Voltage Gain, Aql 

Rl_>2kf2, V+= 15 V 
(For large Vq swing) 



n 


Common-Mode Rejection 
Ratio, CMRR 

DC 



- 


Power Supply Rejection 
Ratio, PSRR 

DC 

65 


- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

T A = 0 to +70°C | 

Input Offset Voltage, V|0 

Note 3 

- 

- 

5 

mV 

Temperature Coefficient of 
Input Offset Voltage, a V|0 

R s = 0 

- 

7 

20 

AtV/°C 

Input Offset Current, l|0 

‘i + -T 

- 

- 

75 

nA 

Temperature Coefficient of 
Input Offset Current, <*1 io 


- 

10 

300 

pA/°C 

Input Bias Current, l|B 

l, + orl| — 


40 

200 

nA 

Input Common-Mode 
Voltage Range, V|QR 

V + = 30 V, Note 2 

0 


V + — 2 

V 

Supply Current, l + 

R[_ = oo On AII.Ampl. 

- 

0.7 

1.2 

mA 

R|_ = °°, V + = 30 V 


1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vqq, R s = 0 with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0 Vto V + - 1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 



Fig. 12 - Large-signal frequency response. 



Fig. 13 — Input current as a function of 
supply voltage. 



92CS-29442 

Fig. 14 — Output source current characteristics. 



OUTPUT SINK CURRENT (Iq)— mA 


92CS-29443 

Fig. 15 — Output sink current characteristics. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA158 (G, T, S) 
CA258 (G, T, S) 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specif ied 

Min. 

Typ. 

Max. 

Ta = 25°C 

Input Offset Voltage, V|o 

Note 3 

- 

2 

5 

mV 

Output Voltage Swing, Vopp 

R|_ = 2 kft 

0 

- 

V + -1.5 

V 

Input Common-Mode 
Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V + -1.5 

V 

Input Offset Current, l|0 

| i + - , r 

- 

3 

30 

nA 

Input Bias Current, l|B 

lj + or l| — , Note 1 

- 

45 

150 

nA 

Output Current (Source), lo 

V| + = +1 V, V| “ = 0 V, 
V + = 15 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V| + = 0 V, V|— = 1 V,V+=15 V 

10 

20 

- 

mA 

V|+ = 0V, V| — = 1 V, 
V 0 = 200 mV 

12 

50 

- 

pA 

Short Circuit Output Current 

R[_ = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

RL^2kft, V+ = 15 V 
(For large Vo swing) 

50 

100 

- 

V/mV 

Common-Mode Rejection 
Ratio, CMRR 

DC 

70 

85 

- 

dB 

Power- Supply Rejection 
Ratio, PSRR 

DC 

65 

100 

- 

dB 

Ampl if ier-to- Amplifier 
Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

T A = -55 to + 125°C (CA158); T A = -25 to +85°C (CA258) j 

Input Offset Voltage, V|0 

Note 3 

- 

- 

7 

mV 

Temperature Coefficient of 
Input Offset Voltage,°cV|o 

R s = 0 

- 

7 

- 

AiV/°C 

Input Offset Current, l|0 


- 

- 

100 

nA 

Temperature Coefficient of 
Input Offset Current, 0=1 |o 


- 

10 

- 

pA/°C 

Input Bias Current, l|B 

l| + °r T 

- 

40 

300 

nA 

Input Common-Mode 
Voltage Range, V|qr 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R L = °° On All Ampl. 

- 

0.7 

1.2 

mA 

R|_ = °°, V + = 30 V 

- 

1.5 

3 



Fig. 16 — Output current as a function of 
ambient temperature. 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + — 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vqc, R s = 0 n with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0VtoV+-1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V 4 . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA358 (G, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C | 

Input Offset Voltage, V|q 

Note 3 

- 

2 

7 

mV 

Output Voltage Swing, VoPP 

R L = 2kft 

0 

- 

V+ -1.5 

V 

Input Common-Mode 
Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+-1.5 

V 

Input Offset Current, IjO 


- 

5 

50 

nA 

Input Bias Current, l|B 

l| + or 1 1 , Note 1 

- 

45 

250 

nA 

Output Current (Source), lo 

Vj+ = +1 V, V| ~ = 0 V, 
V + = 15 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V|+ = 0V, V|~=1 V,V+=15 V 

10 

20 

- 

mA 

V| + = 0 V, V| — = 1 V, 
V O = 200mV 

12 

50 

- 

iuA 

Short Circuit Output Current 

R |_ = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

RL>2kf2, V + = 15 V 
(For large Vo swing) 

25 

100 

- 

V/mV 

Common-Mode Rejection 
Ratio, CMRR 

DC 

65 

70 

- 

dB 

Power Supply Rejection 
Ratio, PSRR 

DC 

65 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

| T A = 0 to +70°C | 

Input Offset Voltage, V|o 

Note 3 

- 

- 

9 

mV 

Temperature Coefficient of 
Input Offset Voltage, a V|0 

R s = 0 

- 

7 

- 

A/V/°C 

Input Offset Current, Ijo 

■i + -'r 


- 

150 

nA 

Temperature Coefficient of 
Input Offset Current, a l|0 


- 

10 

- 

pA/°C 

Input Bias Current, l|g 

l| + or l|~ 

- 

40 

500 

nA 

Input Common-Mode 
Voltage Range, V|CR 

V + = 30 V, Note 2 

0 


V + — 2 

V 

Supply Current, l + 

R l_ = oo On Alt Ampl. 

- 

0.7 

1.2 

mA 

R(_ = °°, V + = 30 V 

- 

1.5 

3 


Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

Vq = 1.4 Vdc, R s = 0 ft with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
(0 Vto V + - 1.5 V). 

The maximum output current is approximately 40 mA independent of the magnitude of V 4 . Continuous 
short circuits at V + > 1 5 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 


NOTE 1: 
NOTE 2: 

NOTE 3: 
NOTE 4: 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904 Types 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA2904G 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

| T A = 25°C | 

Input Offset Voltage, V|o 

Note 3 

- 

2 

7 

mV 

Output Voltage Swing. VqPP 

RL^IOkft 

0 

- 

V + -1.5 

V 

Input Common-Mode 
Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+-1.5 

V 

Input Offset Current, l|0 

'i + -T 

- 

5 

50 

nA 

Input Bias Current, l|B 

lj + or l|“, Note 1 

- 

45 

250 

nA 

Output Current (Source), lo 

V|+ = +1 V, V| “ = 0 V, 
V + = 15 V 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V| + = 0 V, V|~= 1 V, V + =15 V 

, 

10 

20 

- 

mA 

Short Circuit Output Current 

R|_ = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

Rl>2kn, V+= 15 V 
(For large Vq swing) 

- 

100 

- 

V/mV 

Common-Mode Rejection 
Ratio, CMRR 

DC 

50 

70 

- 

dB 

Power Supply Rejection 
Ratio, PSRR 

DC 

50 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

Ta = -40 to + 85°C | 

Input Offset Voltage, Vjo 

Note 3 

- 

- 

10 

mV 

Temperature Coefficient of 
Input Offset Voltage , a V|0 

R s = 0 

- 

7 

- 

/iV/°C 

Input Offset Current, l|0 

'i + -T 

- 

45 

200 

nA 

Temperature Coefficient of 
Input Offset Current, a l|0 


- 

10 

- 

pA/°C 

Input Bias Current, l|B 

l, + orl|- 

- 

40 

500 

nA 

Input Common-Mode 
Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

< 

+ 

l 

ro 

V 

Supply Current, l + 

R|_ = °° On All Ampl. 

- 

0.7 

1.2 

mA 

r l = oo, v + = 30 V 

- 

1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3r Vo “1.4 Vqc. Rs = 0 with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(OVto V+-1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 
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CA555, CA555C Types 

Timers 


For Timing Delays & Oscillator Applications in 
Commercial, Industrial, and Military Equipment 


The RCA-CA555 and CA555C are highly 
stable timers for use in precision timing and 
oscillator applications. As timers, these 
monolithic integrated circuits are capable of 
producing accurate time delays for periods 
ranging from microseconds through hours. 
These devices are also useful for astable oscil- 
lator operation and can maintain an accurate- 
ly controlled free-running frequency and 
duty cycle with only two external resistors 
and one capacitor. 

The circuits of the CA555 and CA555C may 
be triggered by the falling edge of the wave- 
form signal, and the output of these circuits 
can source or sink up to a 200-milliampere 
current or drive TTL circuits. 


The CA555 and CA555C are supplied in 
hermetic 1C Gold-CHIP 8-lead dual-in-line 
plastic packages (G Suffix), standard 8-lead 
TO-5 style packages (T suffix), 8-lead TO-5 
style packages with dual-in-line formed leads 
(DIL-CAN, S suffix), 8-lead dual-in-line plas- 
tic packages (MINI-DIP, E suffix), and in 
chip form (H suffix). These types are direct 
replacements for industry types in packages 
with similar terminal arrangements e.g.SE555 
and NE555, MCI 555 and MC1455, respec- 
tively. The CA555 type circuits are intended 
for applications requiring premium electrical 
performance. The CA555C type circuits are 
intended for applications requiring less strin- 
gent electrical characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE ... 18 V 

DEVICE DISSIPATION: 

Up to T/\ “ 55°C 600 mW 

Above Ta = 55°C Derate linearly 5 mW/°C 
AMBIENT TEMPERATURE RANGE (All Types): 
Operating 

CA555 -55 to +125 °C 

CA555C 0 to 70 °C 

Storage -65 to +1^0 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/32" 

(1 .59 ± 0.79 mm) from case 

for 10 seconds max. . . +265 °C 


CONTROL 



Fig. 1 — Functional diagram of the CA555 
series. 



CA555G, CA555CG: 

Hermetic Gold-CHIP 8-Lead Dual-1 n-Line 
Plastic Package (MINI-DIP) 

CA555T, CA555CT : 

Standard 8-Lead TO-5 Style Package 
CA555S, CA555CS: 

Standard 8-Lead TO-5 Style Package 
With Formed Leads (DIL-CAN) 

CA555E, CA555CE: 

8-Lead Dual-1 n-Line Plastic Package 
(MINI-DIP) 

Features: 

■ Accurate timing from microseconds 
through hours 

■ Astable and monostable operation 

■ Adjustable duty cycle 

■ Output capable of sourcing or sinking 
up to 200 mA 

■ Output capable of driving TTL devices 

■ Normally ON arid OFF outputs 

■ High-temperature stability -0.005%/°C 

■ Directly interchangeable with SE555, 
NE555, MCI 555, and MCI 455 

Applications: 

■ Precision timing 

■ Sequential timing 

■ Time-delay generation 

■ Pulse generation 

■ Pulse-width and position modulation 

■ Pulse detector 


GROUND (7) 


-0v + 

TRIGGER (7) 


— (T) DISCHARGE 

OUTPUT (7) 


—(7) threshold 

reset(T) 


/TNcontrol 

VOLTAGE 


TOP VIEW 


a. MINI-DIP plastic package 

TO-5 style package with formed leads 



92CS-2493'’ 


b. TO-5 style package 

Fig. 3 — Terminal assignment diagrams. 
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CA555, CA555C Types 


ELECTRICAL CHARACTERISTICS, AtT A =2SPC, = 5 to 15 V unless otherwise specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

CA555 

CA555C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

DC Supply Voltage, 
V+ 


4.5 


18 

4.5 


16 

V 

DC Supply Current 
(Low State)*, l + 

V+ = 5 V, 
R|_ = 00 


3 

5 

_ 

3 

6 

mA 

V+= 15 V, 

R(_ = 00 

_ 

10 

12 


10 

15 

mA 

Threshold Voltage, 
VTH 


_ 

(2/3)V+ 



_ 

(2/3)V+ 

_ 

V 

Trigger Voltage 

V + = 5 V 

1.45 

1.67 

1.9 

_ 

1.67 

_ 

V 

V+ = 15 V 

ED 

5 

EM 

- 

5 

- 

Trigger Current 


- 

0.5 

- 

- 

0.5 

- 

ma 

■■■■■ESI 


_ 

0.1 

0.25 

_ 

0.1 

0.25 

pA 

Reset Voltage 


EO 

0.7 

mi 

m 

0.7 

m 

V 

Reset Current 


- 

0.1 

- 


0.1 

- 

mA 

Control Voltage 
Level 

V + = 5 V 

m 

3.33 

EUR 

BH 


4 

V 

V+ = 15V 

m 

10 

mm 

9 

10 

ID 

V 

Output Voltage 

Drop: 

Low State, Vqi_ 

V+ = 5 V 
•SINK = 5 mA 

- 

- 

- 

- 

0.25 

0.35 

V 

V 

•SINK = 8 mA 

- 

0.1 

0.25 

- 

- 

- 

V+ = 15 V 
•SINK = 10 mA 

- 

0.1 

0.15 

- 

0.1 

0.25 

•SINK = 50 mA 

- 

0.4 

0.5 

- 

0.4 

0.75 

•SINK = 100 mA 

- 

2.0 

2.2 

- 

2.0 

2.5 

•SINK = 200 mA 

- 

2.5 

- 

- 

2.5 

- 

High State, Voh 

V + = 5 V 

'SOURCE = 100 mA 

3.0 

3.3 

- 

2.75 

3.3 

- 

V 

V+ = 15 V 
•SOURCE = 100 mA 

13.0 

13.3 


12.75 

13.3 


•SOURCE =200 mA 

- 

12.5 

- 

- 

12.5 

- 

Timing Error 

(Monostable): 
Initial Accuracy 

R 1, R 2 

= 1 to 100 kQ. 
C = 0.1 jttF 
Tested at 
V+ = 5V, 

V+ = 15 V 

- 

0.5 

2 

- 

1 

- 

% 

Frequency 
Drift with 
Temperature 

- 

30 

100 

- 

50 

- 

p/m/ 

°C 

Drift with Supply 
Voltage 

- 

0.05 

0.2 

- 

0.1 

- 

%/V 

Output Rise Time, t r 


- 

100 

- 

- 

100 

- 

ns 

Output Fall Time,tf 


- 

100 

- 

- 

100 

- 

ns 


* When the output is in a high state, the dc supply current is typically 1 mA less than the 
low-state value. 

a The threshold current will determine the sum of the values of Rj and R2 to be used in 
Fig. 16 (astable operation): the maximum total + R2 = 20 Mft. 


ISO 



0 0.1 0.2 0.3 M. 0.4 

MINIMUM TRIGGER IPULSE) VOLTAGE (*V + ) 

■“WHERE « IS THE DECIMAL MULTIPLIER OF THE SUPPLY VOLTAGE 


Fig. 4 — Minimum pulse width vs. minimum 
trigger voltage. 



Fig. 5 - Supply current vs. supply voltage. 



Fig. 6 - Output voltage drop (high state ) vs. 
source current. 



Fig. 7 — Output voltage-low state vs. sink current 
atV+ = 5 V. 
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CA555, CA555C Types 



Fig.8 — Output voltage-low state vs. sink 
current at V* = 10 V. 



Fig. 11 — Delay time vs. temperature. 


10 SUPPLY VOLTAGE (V*) = 15 V 



Fig. 9 — Output voltage-low state vs. sink current 
at =* 15 V. 



O O.l 0.2 0.3 0.4 

( MINIMUM TRIGGER (PULSE) VOLTAGE (*V + )* 

WHERE * IS THE DECIMAL MULTIPLIER OF THE SUPPLY VOLTAGE 


92CS-24968 

Fig. 12 — Propagation delay time vs. trigger voltage. 
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Fig. 10 — Delay time vs. supply voltage. 


v+ 
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Fig. 13 — Reset timer ( monostable operation). 



92CS-Z678I 

Fig. 14 — Typical waveforms for reset timer. 




Fig. 16— Repeat cycle timer (astable operation). 


TYPICAL APPLICATIONS 
Reset Timer (Monostable Operation) 

Fig. 13 shows the CA555 connected as a reset 
timer. In this mode of operation capacitor 
Cj is initially held discharged by a transistor 
on the integrated circuit. Upon closing the 
"start" switch, or applying a negative trigger 
pulse to terminal 2, the integral timer flip- 
flop is "set" and releases the short circuit 
across Cy which drives the output voltage 
"high" (relay energized). The action allows 
the voltage across the capacitor to increase 
exponentially with the time constant t = 
R-jCj. When the voltage across the capacitor 
equals 2/3 V + , the comparator resets the 
flip-flop which in turn discharges the capaci- 
tor rapidly and drives the output to its 
low state. 


Since the charge rate and threshold level of 
the comparator are both directly propor- 
tional to V + , the timing interval is relatively 
independent of supply voltage variations. 
Typically, the timing varies only 0.05% for 
a 1 volt change in V + . 

Applying a negative pulse simultaneously to 
the reset terminal (4) and the trigger terminal 
(2) during the timing cycle discharges Cj and 
causes the timing cycle to restart. Momen- 
tarily closing only the reset switch during the 
timing interval discharges Cj f but the timing 
cycle does not restart. 

Fig. 14 shows the typical waveforms gener- 
ated during this mode of operation, and 
Fig.1 5 gives the family of time delay curves 
with variations in R i and Cy. 


Repeat Cycle Timer (Astable Operation) 

Fig. 16 shows the CA555 connected as a 
repeat cycle timer. In this mode of oper- 
ation, the total period is a function of both 
Rl and R 2 ; 

T = 0.693(Ri + 2R2 )Cj = ti + 12 
where ti = 0.693(Ri + R 2 ) Cy 
and t2 = 0.693(R2)Cj 
The duty cycle is: 

*2 R2 
ti +t2 Rl + 2R2 

Typical waveforms generated during this 
mode of operation are shown in Fig. 17. 
Fig. 18 gives the family of curves of free 
running frequency with variations in the 
value of (Ri + 2 R 2 ) and Cj. 
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CA555, CA555C Types 
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Top Trace: Output voltage l2V/div. and 
0.5 ms/div.) 

Bottom Trace: Capacitor voltage (1 V/ 
div. and 0.5 ms/div.) 



Fig. 17 — Typical waveforms for repeat 
cycle timer. 


Fig. 18 — Free running frequency of repeat cycle timer 
with variation in capacitance and resistance. 
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CA723 Types 
Voltage Regulators 

For Regulated Output Voltages Adjustable from 
2 V to 37 V at Output Currents up to 1 50 mA 
Without External Pass Transistors 


RCA-CA723 and CA723C are silicon mono- 
lithic integrated circuits designed for service 
as voltage regulators at output voltages 
ranging from 2 to 37 volts at currents up to 
150 milliamperes. 

Each type includes a temperature-compen- 
sated reference amplifier, an error amplifier, 
a power series pass transistor, and a current- 
limiting circuit. They also provide inde- 
pendently accessible inputs for adjustable 
current limiting and remote shutdown and, 
in addition, feature low standby current 
drain, low temperature drift, and high ripple 
rejection. 

The CA723 and CA723C may be used with 
positive and negative power supplies in a 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 

(Between V + and V - Terminals) 40 V 

PULSE VOLTAGE FOR 50-ms 
PULSE WIDTH 

(Between V + and V - Terminals) 50 V 

DIFFERENTIAL INPUT-OUTPUT 

VOLTAGE 40 V 

DIFFERENTIAL INPUT 
VOLTAGE: 

Between Inverting and Non- 

Inverting Inputs ±5 V 

Between Non-Inverting 

Input and V~ 8 V 

CURRENT FROM ZENER DIODE 

TERMINAL (V z ) 25 mA 

CURRENT FROM VOLTAGE 
REFERENCE TERMINAL 
(V REF ) 15 mA 


wide variety of series, shunt, switching, and 
floating regulator applications. They can 
provide regulation at load currents greater 
than 150 milliamperes and in excess of 
10 amperes with the use of suitable n-p-n 
or p-n-p external pass transistors. 

The CA723 and CA723C are supplied in the 
10-lead TO-5-style ceramic package (T suffix), 
and the 14-lead dual-in-line plastic package 
(E suffix), and are direct replacements for 
industry types 723, 723C, /uA723, and 
jitA723C in packages with similar terminal 
arrangements. They are also available in 
chip form ("H" suffix). 

All types are rated for operation over the 
full military-temperature range of — 55° C 
to +125°C. 


DEVICE DISSIPATION: 

Up to T A = 25°C - 

CA723T, CA723CT 800 mW 

CA723E, CA723CE 1000 mW 

Above T a = 25° C - 
CA723T, CA723CT 

Derate linearly 6.3 mW/°C 

CA723E, CA723CE 

Derate linearly 8.3 mW/°C 

AMBIENT TEMPERATURE 
RANGE (All Types): 

Operating —55 to +125 °C 

Storage —65 to +1 50 °C 

LEAD TEMPERATURE 
(During Soldering): 

At a distance 1/16" ±1/32" 

( 1 .59 ± 0.79 mm) from case for 

10 seconds max +265 °C 



Features: 

■ Up to 150 mA output current 

■ Positive and negative voltage regulation 

■ Regulation in excess of 10A with suitable 

pass transistors 

■ Input and output short-circuit protection 

■ Load and line regulation: 0.03% 

■ Direct replacement for 723 and 723C 

industry types 

■ Adjustable output voltage: 2 to 37 V 

Applications: 

■ Series and shunt voltage regulator 

■ Floating regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Temperature controller 


TEMPERATURE' 
COMPENSATED T 
ZENER 



Fig. 1 - Functional diagram of the CA723 and CA723C 



Fig. 2 — Terminal arrangement of the CA723T and 
CA723CT in the TO- 5 style package. 



Fig. 3 — Terminal arrangement of the CA723E and 
CA723CE in the dual-in-line plastic package. 
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Fig. 4 — Equivalent schematic diagram of the CA723 and CA723C. 



CA723 Types 


ELECTRICAL CHARACTERISTICS at T A - 26 C, V + - V c - V, - 12 V, V“ - 0, V Q - 5 V, 
I L - T mA, C-j - 100 pF, C^gp - 0, Rg^p * 0, unless otherwise specified. Divider 
impedance R1R2 R*|+R2 at non-inverting input, Term. B, ■ 10 kn (see Fig. 23). 


CHARACTERISTIC TEST 

CONDITIONS 


Quiescent Regulator 
Current, Iq 


Input Voltage 
Range, V| 


TYPICAL CHARACTERISTICS 
CURVES FOR TYPE CA723 



Short-Circuit 

Limiting Current, ^SCP " 10 ^ 

>LIM V0 = ° 


BW = 100 Hz 
to 10 kHz. 

Equivalent Noise RMS Cp E p = 0 

Output Voltage, Vm 

(See Note 2) BWMOOHz 

10 kHz, 


CrEF = 5mF 


Note 1 : Line and load regulation specifications are given for condition of a constant chip 
temperature. For high-dissipation conditions, temperature drifts must be sepa- 
rately taken into account. Note 2: For Cp E p, see Fig. 23. 
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CA723 Types 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Cont'd) 


||j it::: j *7 

mmimM 



OUTPUT VOLTAGE ( V 0 )» 5 V 
INPUT VOLTAGE (Vj >■ 12 V 
SHORT-CIRCUIT PROTECTION 
RESISTANCE (R scp ).IOfl 


OUTPUT VOLTAGE { V Q ) - REFERENCE 
VOLTAGE (V REF ) 

LOAD CURRENT (I. ) >0 



■RE Ml 

■ MH 


mmtmm 



OUTPUT CURRENT II 0 l-mA 92CS-?4 

Fig 9 — Current limiting characteristics. 


1 92CS-24I6S 

Fig 10 — Quiescent current vs. input voltage. 


DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V 0 )-V 

92CS- 

Fig. 11 — Max. load current vs differential input 
output voltage CA723CT. 


TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C 


OUTPUT VOLTAGE I V 0 ). 5 V ij; J}u. ;;U «•; 
INPUT VOLTAGE (Vj !• 12 V Uf 
SHORT-CIRCUIT PROTECTION :ii «?! ilH :!:l 
RESISTANCE (R SCP ). lOfl 


«Ta»- zs-cTi 



lliiillililjl! 


DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vj-V 0 )-V 


Fig. 12 — Max. load current vs differentia! input- 
output voltage for CA 723CE. 


OUTPUT CURRENT II 0 )-mA 92CS-24I6B 

Fig 13 — Load regulation without current limiting 


OUTPUT CURRENT (I 0 l-mA 92CS-24I69 

Fig 14 — Load regulation with current limiting 




INPUT VOLTAGE <V r ) » 12 V 
OUTPUT VOLTAGE (V Q )*5V 
LOAD CURRENT <!,_)■ I TO 50 mA 
0.2 AMBIENT TEMPERATURE (T A ) *25*1 
SHORT-CIRCUIT PROTECTION 
RESISTANCE (R SCP )«0 
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OUTPUT CURRENT I I 0 )-mA 92CS-24IT0 

Fig IS - Current limiting characteristics. 




reties. Fig 16- Quiescent current vs. input voltage. I 9iCS - 24172 

Fig 17 - Load regulation vs. differential input 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 











CA723 Types 



TIMEIH-m. 92C5-24I74 

Fig 21 — Load transient response. 



Fig 22 - Output impedance vs. frequency. 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE . . . 5 V 

LINE REGULATION (AV|- 3 VI .... 0.6 mV 
LOAD REGULATION (A l L - 60 mA). . . 1.5 mV 



Not*: R3 1 


R1 R2 
R1+R2 W 


i drift 


92CS-24I78 


Fig 23 — Low-voltage regulator circuit (Vq = 2 
to 7 volts). 


Not*: R3 * j lor minimum tamperatur* drift 

R3 may be aliminatad for minimum component count. 9JCS -2417 

Fig. 24 — High-voltage regulator circuit (Vq= 7 
to 37 volts). 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... -15 V 
LINE REGULATION (AV|- 3 V) .... 1 mV 

LOAD REGULATION (AIl* 100 mA| . . 2 mV 

Note: For applications employing the TO-5 style package 


and where Vz is required, an external 6.2volt 



Fig. 25 - Negative-voltage regulator circuit 



Fig 26 — Positive-voltage-regulator circuit (with 
external n-p-n pass transistor). 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 6 V 

LINE REGULATION (A V|- 3 V) .... 0.5 mV 
LOAD REGULATION |AI L - 1 A) . ... 6 mV 


92CS-24IB2RI 

Fig. 27 - Positive voltage-regulator circuit (with 
external p-n-p pass transistor). 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 6 V 

LINE REGULATION (AV| - 3 V) .... 0.6 mV 
LOAD REGULATION (A II " 10 mA). . . 1 mV 

SHORT-CIRCUIT CURRENT 20 mA 

92CS-24I8J 


Fig 28 - Foldback current-limiting circuit. 



Non: For applications *m ploying the TO-6 sty I* 
padcag* and wh*r* Vz it r*quir*d, an ex- 
ternal 6.2-voh raner diode should b* con- 

nactad In earies with Vq (Tarminal 6). 


CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 60 V 
LINE REGULATION (AV| - 20 V) ... IS mV 
LOAD REGULATION (AIl- 60 mA). . . 20 mV g2Cs . 2 4 i 8 4 

Fig. 29 — Positive-floating regulator circuit. 
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CA741, CA747, CA748, CA1458, CA1558 Types 


Operational Amplifiers 

High-Gain Single and Dual Operational Amplifiers 
For Military, Industrial and Commercial Applications 


The RCA-CA1458, CA1558 (dual types); 
CA741C, CA741 (single-types); CA747C, 
CA747 (dual types); and CA748C, CA748 
(single types) are general-purpose, high-gain 
operational amplifiers for use in military, 
industrial, and commercial applications. 

These monolithic silicon integrated-circuit 
devices provide output short-circuit pro- 
tection and latch-free operation. These types 
also feature wide common-mode and differ- 
ential-mode signal ranges and have low-offset 
voltage nulling capability when used with an 
appropriately valued potentiometer. A 5- 
megohm potentiometer is used for offset 
nulling types CA748C, CA748 (See Fig. 10); 
a 10-kilohm potentiometer is used for offset 
nulling types CA741C, CA741, CA747CE, 
CA747CG, CA747E, CA747G (See Fig. 9); 
and types CA1458, CA1558, CA747CT, 
have no specific terminals for offset nulling. 
Each type consists of a differential-input 
amplifier that effectively drives a gain and 
level-shifting stage having a complementary 
emitter-follower output. 


This operational amplifier line also offers the 
circuit designer the option of operation with 
internal or external phase compensation. 

Types CA748C and CA748, which are ex- 
ternally phase compensated (terminals 1 
and 8) permit a choice of operation for 
improved bandwidth and slew-rate capa- 
bilities. Unity gain with external phase 
compensation can be obtained with a single 
30-pF capacitor. All the other types are 
internally phase-compensated. 

RCA 's manufacturing process makes it possi- 
ble to produce 1C operational amplifiers with 
low-burst ("popcorn") noise characteristics. 
Type CA6741, a low-noise version of the 
CA741, gives limit specifications for burst 
noise in the data bulletin, File No. 530. 
Contact your RCA Sales Representative for 
information pertinent to other operational 
amplifier types that meet low-burst noise 
specifications. 


"G" Suffix Types-Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 
"E" Suffix Types-Standard Dual-In-Line 
Plastic Package 

"T" and "S" Suffix Types-TO-5 Style Package 

Features: 

■ Input bias current (all types): 500 nA max. 

■ Input offset current (all types): 200 nA max. 

Applications: 

■ Comparator 

■ DC amplifier 

■ Integrator or differentiator 

■ Multivibrator 

■ Narrow-band or band-pass filter 

■ Summing amplifier 


TOP VIEW 





INPUT V- NULL 
NOTE PIN 4 IS CONNECTED TO 
CASE 


la. — CA 741 CS, CA 741 CT, CA741S, & 
CA741T with internal phase 
compensation. 


TOP VIEW 



9?CS- l**?7*l 


1b.—CA747CT and CA747T with 
internal phase compensation. 

TOP VIEW 

PHASE 



92CS-I9428 

1c.-CA748CS, CA 748CT, CA 748S, 
and CA748T with external 
phase compensation. 

Fig. 1 — Functional diagrams. 


MAXIMUM RATINGS, Absolute-Maximum Values at T ^ =25°C: 


DC Supply Voltage (between V + and V~ terminals): 

CA741 C, CA747C a , CA748C, CA1 458 A 36 V 

CA741 , CA747 a , CA748, CA1 558 A 44 V 

Differential Input Voltage ±30 V 

DC Input Voltage* . . . . . . . . . ±15V 

Output Short-Circuit Duration. . Indefinite 

Device Dissipation: 

Up to 70°C (CA741C, CA748C) 500 mW 

Up to 75°C (CA741, CA748) 500 mW 

Up to 30° C (CA747) 800 mW 

Up to 25° C (CA747C) 800 mW 

Up to 30°C (CA1558) . 680 mW 

Up to 25°C (CA1458) . . 680 mW 

For Temperatures Indicated Above Derate linearly 6.67 mW/°C 

Voltage between Offset Null and V- (CA741C, CA741, CA747CE, CA747CG). ...... ±0.5 V 

Ambient Temperature Range: 

Operating - CA741 , CA747E, CA748, CA1558 -55 to +125 °C 

CA741C, CA747C, CA748C, CA1458 0 to +70 °C t 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max 265 °C 


* If Supply Voltage is less than ± 1 5 volts, the Absolute Maximum Input Voltage is equal to the Supply Volt- 
age. 

A Voltage values apply for each of the dual operational amplifiers. 

f All types in any package style can be operated over the temperature range of -55 to +125°C, although the 
published limits for certain electrical specifications apply only over the temperature range of 0 to +70°C. 
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CA741, CA747, CA748, CA1458, CA1558 Types 


RCA 

No. of 

Phase 

Offset Voltage 

Min. 

Max. 

Operating-T emperature 

Type No. 

Ampl. 

Comp. 

Null 

a ol 

(mV) 

Range (°C) 

CA1458 

dual 

int. 

no 

20k 

6 

0 to +70* 

CA1558 

dual 

int. 

no 

50k 

5 

-55 to +125 

CA741C 

single 

int. 

yes 

20k 

6 

0 to +70* 

CA741 

single 

int. 

yes 

50k 

5 

-55 to +125 

CA747C 

dual 

int. 

yes* 

20k 

6 

0 to +70* 

CA747 

dual 

int. 

yes* 

50k 

5 

-55 to +125 

CA748C 

single 

ext. 

yes 

20k 

6 

Oto +70* 

CA748 

single 

ext. 

yes 

50k 

5 

-55 to +125 


*ln the 14-lead dual-in-line plastic package only. 

*AII types in any package style can be operated over the temperature range of -55 to +125°C, 
although the published limits for certain electrical specifications apply only over the tempera- 
ture range of 0 to +70°C. 


ORDERING INFORMATION 

When ordering any of these types, it is important that the appropriate suffix letter for the 
package required be affixed to the type number. For example: If a CA1458 in a straight- 
lead TO-5 style package is desired, order CA1458T. 


Type No. 

PACKAGE TYPE AND SUFFIX LETTER 

FIG. No. 

TO-5 

STYLE 

PLASTIC 

Gold-CHIP 

PLASTIC 

CHIP 

Gold- 

CHIP 

BEAM- 

LEAD 

8L 

10L 

DIL-CAN 

8L 

14L 

8L 

14L 

CA1458 

T 


S 

E 


G 


H 

GH 


Id, 1 h 

CA1558 

T 


S 

E 


G 





Id, 1h 

CA741C 

T 


S 

E 


G 


H 

GH 


la, 1e 

CA741 

T 


S 

E 


G 




L 

la, 1e 

CA747C 


T 



E 


G 

H 

GH 


1b, If 

CA747 


T 



E 


G 




1b, If 

CA748C 

T 


S 

E 


G 


H 

GH 


1c, 1g 

CA748 

T 


S 

E 


G 





1c, 1g 



Fig.2-Schematic diagram of operational amplifier with external phase 
compensation for CA748C and CA748. 


TOP VIEW 
INV. 

INPUT (A) 



INPUT(B) 


ld.-CA1 458S, CA1458 T, CA 1 558S, 
and CA1558T and internal 
phase compensation. 



S2C3-230I4 

1e.—CA741 CE, CA 741 CG, CA 74 1 E, 
and CA741G with internal 
phase compensation. 


TOP VIEW 



and CA747G with internal 
phase compensation. 



1g. - CA 748CE, CA 748CG, CA 748E, 
and CA748G with external 
phase compensation. 



92CS- 25015 

1h.—CA 1458E.CA 1 458G,CA1 558E, 
and CA 1558G with internal 
phase compensation. 

Fig. 1 — Functional Diagrams (Cont'd) 
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CA741, CA747, CA748, CA1458, CA1558 Types 



Fig-3— Schematic diagram of operational amplifiers with internal phase compensation for CA741C, 
CA741, and for each amplifier of the CA747C. CA747, CA 1458. and CA 1558. 

ELECTRICAL CHARACTERISTICS 
I For Equipment Design 


CHARACTERISTIC 

TEST CONDI 
Supply Voitag 
V + = 15 V, 
V- = -15V 

TIONS 

e. 

Ambient 
Temperature, T a 

LIMITS 

CA741 

CA747* 

CA748 

CA1558* 

UNITS 

Min. 

Typ. 

JEM 

Input Offset Voltage, V|q 

R s = < lOkH 

25 °C 

- 

1 

5- 

mV 


-55 to +125 °C 

- 

1 

6 

Input Offset Current, Ijq 


25 °C 

- 

20 

200 

nA 

-55 °C 

- 

85 

500 

+1 25 °C 

- 

7 

200 

Input Bias Current, l|g 


25 °C 

- 

80 

500 

nA 

-55 °C 

- 

300 

1500 

+125 °C 

- 

30 

500 

Input Resistance, R| 



0.3 

2 

- 

Mf2 

Open-Loop Differential 
Voltage Gain, Aq L 

R L ^2k 
V 0 = ± 10 V 

o 

o 

in 

CM 

50,000 

200,000 

- 


-55 to +1 25 °C 

25,000 

- 

- 

Common-Mode Input 
Voltage Range, Vjqr 


-55 to +125 °C 

±12 

±13 

- 

V 

Common-Mode 
Rejection Ratio , CMRR 

R s <10kH 

-55 to +125 °C 

70 

90 

- 

dB 

Supply Voltage 
Rejection Ratio, PSRR 

R s <10kS7 

-55 to +125 °C 

- 

30 

150 

mv/v 

Output Voltage 
Swing, Vgpp 

R L >10kn 

-55 to +1 25 °C 

±12 

±14 

- 

V 

H L >2kn 

-55 to +125 °C 

±10 

±13 

- 

Supply Current, 1* 


25 °C 

- 

i- 7 

2.8 

mA 

-55 °C 

- 

2 

3.3 

+125 °C 

- 

1.5 

2.5 

Device Dissipation, Pp 


25 °C 

- 

50 

85 

mW 

-55 °C 

- 

60 

100 

+125 °C 

- 

45 

75 


* Values apply for each section of the dual amplifiers. 



Fig.4— Open-loop voltage gain vs. supply voltage for 
all types except CA748 and CA748C. 



Fig.5-Open-loop voltage gain vs. frequency for all 
types except CA748 and CA748C. 



92CS-I762IRI 

Fig.6-Common-mode input voltage range vs. supply 
voltage for all types. 



Fig.7-Peak-to-peak output voltage vs. supply volt- 
age for all types except CA748 and CA748C. 
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CA741, CA747, CA748, CA1458, CA1558 Types 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


TEST CONDITIONS 
Supply Voltage, 


LIMITS 

CA741C 


CHARACTERISTIC 


Input Offset Voltage, 

YiQ 

Input Offset Current, 

ho 

Input Bias Current, 

hB 

Input Resistance, R| 

Open-Loop Differential 
Voltage Gain, Aql 

Common-Mode Input 
Voltage Range, Vjqr 

Common-Mode 
Rejection Ratio, CMRR 

Supply-Voltage 
Rejection Ratio, PSRR 

Output Voltage Swing, 
v OPP 


V + = 15 V, 
V- = -15 V 

Ambient 
Temperature, T a 

CA748C 

CA1458* 

UNITJ 



Min. 

Typ. 

Max. 


< i n kO 

25 °C 

- 

2 

6 

mV 

no ^ 1 VJ IS A A 

Oto 70 °C. 

- 

- 

7.5 



25 °C 

- 

20 

200 

nA 


Oto 70 °C 

- 

- 

300 



25 °C 

- 

80 

500 

nA 


Oto 70 °C 

- 

- 

800 




0.3 

2 

- 


R L >2kH 

25 °C 

20,000 

200,000 

- 


v 0 = ±10 V 

Oto 70 °C 

15,000 

- 

- 



25 °C 

±12 

±13 

- 

V 

R s <10kH 

25 °C 

70 

90 

- 

dB 

R s <10kH 

25 °C 

- 

30 

150 

jLlV/V 

R L ^10kH 

25 °C 

±12 

±14 

- 


r l >2 kf2 

25 °C 

±10 

±13 

- 

V 


0 to 70 °C 

±10 

±13 

- 



25 °C 

- 

1.7 

2.8 

mA 


25 °C 

- 

50 

85 

mW 


Supply Current, |- 
Device Dissipation, Pq 

* Values apply for each section of the dual amplifiers 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 


CHARACTERISTIC 

TEST 

CONDITIONS 
V± = ±15 V 

TYP. 
VALUES 
ALL TYPES 

UNITS 

Input Capacitance, C| 


1.4 

PF 

Offset Voltage 
Adjustment Range 


±15 

mV 

Output Resistance, Rq 


75 

n 

Output Short-Circuit Current 


25 

mA 


Transient Response: 

Rise Time, t r 

Overshoot 


Unity gain 
Vj = 20 mV 
R L = 2 kQ 
C L < 100 pF 


Slew Rate, SR: 

closed loop R L > 2 kn ” 

Open-loop A 

A Open-loop slew rate applies only for types CA748C and CA748. 



Fig. 8— Output voltage vs. transient response time for 
CA741C and CA741. 


• SEE FUNCTIONAL DIAGRAM J 
FOR TERMINAL NOS OF C. 
RESPECTIVE TYPE NO 


Fig.9— Voltage-offset null circuit for CA74 1 C, CA74 1, 
CA747CE, CA747CC, CA747E, and CA747G. 



Fig. 10— Voltage-offset null circuit for CA748C and 
CA748. 



92CS-1 5746 

Fig. 1 1 — Transient response test circuit for all types. 
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CA1541D 

Dual-Input Memory Sense Amplifier 


RCA-CA1541D , a monolithic silicon integrated circuit, is a 
dual-input memory sense amplifier intended for core memory 
applications. 

The sense amplifier, consisting of two differential input 
amplifiers, a common second stage amplifier, and an output 
logic gate (See Fig. 1), converts low-level core-memory "1" 
pulses to saturated logic-level output pulses. Either one of 
the input amplifiers may be gated ON with a saturated 
logic signal so that an incoming "1" pulse of positive or 
negative polarity can be detected from either of two sense 
lines. 


The CA1541D features an external switching threshold 
adjustment, plus its gate and strobe inputs are compatible 
with saturated logic levels. The sense amplifier is suitable for 
operation with core memories having cycle times equal to or 
greater than 0.4 /is and is unilaterally interchangeable with 
industry types 1541 Land 1441. 

TheCA1541D is supplied in 14-lead dual-in-line ceramic 
package and is rated for operation over the full military 
temperature range of -55°C to +125°C. 


Features 

■ Complete dual input core memory sense amplifier 

■ Two available outputs: -Saturated logic output 

—Linear output (positive outputfor 
either polarity input) 

■ Nominal threshold voltage: 17 mV 

■ Adjustable threshold: 10 to 35 mV 

■ Low threshold uncertainty range: + 3 mV 

■ Fast overload recovery time: -Differential-Mode: 15 ns typ. 

—Common-Mode: 30 ns typ. 

■ Independent channel gate and strobe terminals compatible 
with saturated logic levels 

■ Suitable for core memories having cycle times > 0.4 ju s 

■ Input offset voltage: 6 mV max. 


MAXIMUM RATINGS, Absolute Maximum Values, at T A * 25°C 

Except for Differential Input Voltage, all voltages are measured with respect to ground (Term. 8). 


DC Supply Voltage: 

V + (Term. 2) 

V (Term. 7) ........ 

Differential Input Voltage . . 
Common-Mode Input Voltage 
"A" or "B"-Gate Input Voltage* 
Strobe Terminal Voltage . . . 

Output Terminal Load Current 


+ 10 V 
-10 V 
+ 5 V 
+ 5 V 
V to V + 
V- to +6V 
±25 mA 


Device Dissipation: 

Up to T A = 75°C 
Above T A = 75°C 

Ambient Temperature Range: 

Operating 

Storage 


750 mW 

Derate Linearly 8 mW/°C 

-55 to +125 °C 
-65 to +150 °C 


Lead Temperature (during soldering): 

At distance not less than 1/32 inch (0.79 mm) from 

case for 10 seconds max +265 C 


♦ Note: The “A" or "B”-Gate Input Voltage is also referred to, as the Channel-Gate Input Voltage. 





92CS-I9392 

Fig. 3- Typical operational wave forms. 



Fig. 4 - Input bias (l/gj and input-offset current (Ijq) 
test circuit. 
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CA1541D 


ELECTRICAL CHARACTERISTICS 





Fig. 7a - Input Vjh vs. T/\. Fig. 7b - Input V-py vs. Vjh (ADJ.l 



Fig. 5- Test circuit for measurement of low (Vql) and 
high (Vqh) output voltage levels. 




S2 IN V 

WHEN S2 IN “b* 


92CM-I9393 

Fig. 6- Threshold propagation delay, gate and input-offset 
test circuit with associated pulse wave forms. 



Fig. 7c - Input Vpfj vs V~. 


55 









CA1541D 



92CS-I9399 


Fig. 7d - Input Vj^ vs. input pulse width. 





INPUT VOLTAGE (e tN ) — mV 


associated pulse wave forms. 


Fig. 10 - Input-output transfer characteristics. 



Fig 11 - Strobe to output test circuit with associated 
pulse wave-forms. 



Fig. 12 - Gate input to amplifier input (tg/) test circuit 
with associated pulse wave forms. 



Fig 13 - Gate input to amplifier output (tg/\) with 
associated pulse wave forms. 
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CA2111AE, CA2111AQ 


FM IF Amplifier-Limiter and 
Quadrature Detector 

For FM IF and TV Sound IF Applications 

The CA2111A, on a single monolithic chip, provides a multi- 
stage wideband amplifier-limiter, a quadrature detector, and an 
emitter- follower output stage. This device is designed for use 
in FM receivers and in the sound IF sections of TV receivers. 
In addition, an output terminal is provided which allows the 
use of the amplifier-limiter as a straight 60-dB wideband 
amplifier. 

The amplifier-limiter features the excellent limiting character- 
istics of 3 cascaded differential amplifiers. 

The quadrature detector requires only one coil in the asso- 
ciated outboard circuit and therefore, tuning is a simple 
procedure. 

A unique feature of the CA2111A is its exceptionally low 
AFC voltage drift over the full operating-temperature range. 

This device can be supplied in either dual-in-line or quad-in- 
line 14-lead plastic packages (CA2111AE and CA2111AQ, 
respectively). 

ELECTRICAL CHARACTERISTICS at T A - 25°C 


CHARACTERISTIC 


Direct replacement for ULN2111A and MCI 357 
Good sensitivity: Input limiting voltage (knee) (400 
/iV typ. at 10.7 MHz; 250 pV typ. at 4.5 MHz 
and 5.5 MHz) 

Excellent AM rejection (45 dB typ. at 10.7 MHz) 
Provision for output from 3-stage IF amplifier section 
Low harmonic distortion 

Quadrature detection permits simplified single-coil tuning 
Extremely low AFC voltage drift overfull 
operating-temperature range 
Minimum number of external parts required 


DC Voltage: 

At Terminal 1 
At Terminals 4, 5, 6, 10 
At Terminals 2, 12 

DC Current (into Terminal 13) 
At V + = 8V 
At V + = 12V 

Amplifier Input Resistance 
Amplifier Input Capacitance 
Detector Input Resistance 
Detector Input Capacitance 
Amplifier Output Resistance 
Detector Output Resistance 
De-Emphasis Resistance 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C 
FM Modulation Frequency - 400 Hz, Source Resistance ■ 50ft 



LIMITS 


MIN. 

TYP. 

MAX. 


V+-12V 

5.4 

_ 

Vi 

= 8V 

3.7 

- 

v 4,5,6, 10 

< 

+ 

00 

< 

1 

• 1.35 

- 

v 2, 12 

_ 

3.5 

“ 



14 


1 1 3 


16 


r 4 

- 

7 

- 

C 4 

- 

11 

- 

r 12 

- 

70 

- 

C 12 

f n = 10.7 MHz 

2.7 

- 

R 10 


60 

- 

R 1 

- 

200 

- 

R 14 


8.8 

“ 


CHARACTERISTIC 

SYMBOL 

j TEST CONDITIONS 

UNITS 

TEST CIR- 

f 0 = 10.7 MHz / Q = 4.5 MHz 

A/ =±75 KHz Af = + 25 KHz 

f 0 = 5.5 MHz 
Af = ± 50 KHz 

CUIT OR 
CHARAC- 
TERISTIC 



V + = 12V 

V + = 8V V + = 12V 

V + = 12V 


CURVES 
FIG. NO. 



LIMITS 

: 





TYP. MAX. 

TYP. MAX. TYP. MAX. 

TYP. MAX. 



AMPL-LIMITER 







Input Limiting 

Vj(lim) 

400 600 

400 600 250 400 

250 400 

V 

7, 6. 8, 9 

Threshold Voltage 

(4) 




(RMS) 


AM Rejection* * 

AMR(1) 

45 

37 36 

40 

dB 

2. 7.5.6 

Ampl. Voltage GainA 

A v (10) 

55 

55 60 

60 

dB 

7 

DETECTOR 







Recovered Audio* 

V 0 (AF) 

0.48 

0.3 - 0.72 

1.2 

V 

6, 7,8.9 

Output Voltage 

(1) 




(RMS) 


Total Harmonic* 







Distortion i 

THD(1) 

1 

1-1.5 

3 

% 

7 



Fig. 1 -Block diagram of CA21 1 I A and 
aisociatad outboard components. 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\ m 25°C 
DC Supply Voltage 

(between terminals 13 (V + ) and 7 < V ) ) 16 

Device Dissipation: 

Up to T a » 60° C 600 

Above T A » 60° C derate linearly 6.7 ml 

Ambient Temperature Range: 

Operating -55 to +125 

Storage -65 to +150 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 in. 

11.59 t 0.79 mm) 

from case forlOs max +266 


SUPPLY VOLTAGE (V+H2V 
AMBIENT TEMPERATURE (T A )»23*C 
K>0%FM,J0%AM | | '| J_ 


J 

iv-J 






jA 


h\ 

. 




•e 



.... 

E 




X 




14 

v 






si 

m 






/ 

< 

J 

w... 

i 





L - 

E 

□ 








INPUT SIGNAL VOLTAGE (Vj> — mv[rm«] 


Fig. 2 '-AM refection vs input voltage ( 4.5 MHz). 



INPUT VOLTAGE tVj) — mV [rm.] 

Fig. 3 -AM rejection vs input voltage (5.5 MHz). 






CA2111AE, CA2111AQ 



UNIVERTER 0. 
B00NT0N 
207E OR | 
EQUIVALENT 



Input to the quadrature coil can be from 
either terminal 9 or terminal 10. Terminal 
9 is normally used because it lessens the 
possibility of overloads during tuning. 

The use of terminal 10 increases the 
limiting sensitivity significantly and has 
been used successfully in these tests. 


Fig. 7 -Test circuit. 


Fig. 8-Detected audio output vs input voltage (5.5 MHz). 



S 8 0 j 2 4 6 8 , 2 4 6 8 |0 

INPUT SIGNAL VOLTAGE (V,) — mV(rms) 


(supply VOLTAGE t V*1» 8 V 


sun ™ mm 




~ AMBIENT TEMPERATURE IT A )»25*C 
MODULATION FREQUENCY ■ I kHr 

14 4-4 


Fig. 9- Detected audio output voltage vs input voltage (10.7 MHz) 


Fig. 10- AFC voltage vs ambient temp. 
















CA3000 


DC Amplifier 


• Designed for use in Communication, Telemetry, Instrumentation, and 
Data-Processing Equipment 

• Balanced d i f ferent ial -amp I i f i er configuration with controlled 
constant-current source to provide outstanding versatility 

• Built-in temperature stability for operation from -55°C to +I25°C 

• Companion Application Note, ICAN 5030 "Applications of RCA CA3000 
Integrated C i rcu it DC Ampl i f ier" covers character ist ics of different 
operating modes, frequency considerations, 10 MHz narrow band 
tuned amplifier design, crystal oscillator design, and many other 
application aids 

• 10-Lead hermetic TO-5 style package 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS 

at T FA = 25°C 


OPERATING-TEMPERATURE RANGE . . 

STORAGE-TEMPERATURE RANGE 
LEAD-TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 
from case for 10 seconds max 


— 55°C to +125°C 
-65°C to +150°C 


MAXIMUM POWER SUPPLY VOLTAGE - 16 or ±8 V 

MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE . . ±4 V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE . . ±2 V 

MAXIMUM DEVICE DISSIPATION: 

From — 55°C to 85°C 450 mW 

Above 85°C Derate 5 mW/°C 


» Input Impedance 195 KW typ. 

» Voltage Gain 30 dB typ. 

i Cowon -Mode Rejection Ratio .. . 98 dB typ. 

i Input Offaet Voltage 1.4 mV typ. 

» Push-Pul 1 Input and Output 
> Frequency Capability 

DC to 30 MHz (with external C and R) 

» Wide AGC Range 90 dB typ. 


APPLICATIONS 

i Schmitt Trigger 
» RC-Coupled Feedback Amplifier 

► Mixer 

► Comparator 
t Modulator 

i Crystal Oscillator 
i Sense Ampl i f ier 


ELECTRICAL CHARACTERISTICS, at = 25°C, Vqc = +6V, Vq; = -6V, unless otherwise specified 

LIMITS 7YPICAI 

SPECIAL TEST CONDITIONS TEST CHARAC- 

CHARACTERISTICS SYMBOLS Terminals No.4 & No.5 Not CIRCUITS TERISTK 

Connected Unless Specified CA3000 CURVES 


STATIC CHARACTERISTICS 

Input Offset Voltage 

vio 

Input Offset Current 

I JO 

Input Bias Current 

IlB 

Quiescent Operating 
Vol tage 

V8 

or 

VIO 


Device Dissipation ^ 

DYNAMIC CHARACTERISTICS 

Differential Voltage Gain 
Single-Ended Input 

Bandwidth at -3 dB Point 

Maximum Output Voltage 
Swing 

Common-Mode Rejection 
Ratio 

Single-Ended Input 
Impedance 

Single-Ended Output 
Impedance 

Total Harmonic Distortion 

AGC Range (Maximum Vol tage 
Gain to Complete Cutoff) 


1 

Fig. 

Min. 

Typ. 

Max. 

Units 

Fl » 

1 



- 

1.4 

5 

mV 

2 




1.2 

10 

mA 

2 



- 

23 

36 

mA 

3 

TERMINALS 







4 

5 







NC 

NC 


- 

2.6 

_ 

V 

4 

NC, 

VEE 


- 

4.2 

- 

V 

4 

VEE 

NC 


- 

-1.5 

- 

V 

4 

VEE 

VEE 


- 

0.6 

- 

V 

4 

NC 

NC 


- 

30 

- 

iiM 

NONE 


Single-Ended Output f ■ I kHz 
Double-Ended Output f = I kHz 
V, = 10 mV, R = 1 kft 


f = I kHz 

R S =lkft f = I kHz V 0 =42V p .p 
f = I ikHz 


5.5K 8K I0.5K fi 


I 2.8 k >r 8 I 
sk>r 7 | ik>r 9 


Fig. I SCHEMATIC DIAGRAM 


INPUT OFFSET VOLTAGE AND CURRENT vs TEMPERATURE 


STATIC CHARACTERISTICS FOR TYPE CA3000 
INPUT BIAS CURRENT vs TEMPERATURE 


QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 


MPOSITIVE DC SUPPLY VOLTS (Vcc> ■ +6 I 
^NEGATIVE DC SUPPLY VOLTS (V EE )‘ ~6 | 



I POSITIVE DC SUPPLY VOLTS CV C C* ' + < f 
NEGATIVE DC SUPPLY VOLTS lV EE ) • -6 t 


AMBIENT TEMPERATURE (T A ) — *C 

Fig. 2 


AMBIENT TEMPERATURE <T A ) 

Fig. 3 


75 -SO -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A )— *C 



CA3000 


DYNAMIC CHARACTERISTICS AND TEST CIRCUIT FOR TYPE CA3000 


DIFFERENTIAL VOLTAGE GAIN vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (T A )— *C 

92CS -13394 

Fig. 5 


DIFFERENTIAL VOLTAGE GAIN AND MAXIMUM OUTPUT 
VOLTAGE SWING TEST CIRCUIT 



BANDWIDTH AT -3 dB POINT vs TEMPERATURE 



Fig. 7 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 



Fig. 8 


COMMON-MODE REJECTION RATIO TEST CIRCUIT 


vcc 

+6V 



-6 V 
VEE 


COMMON-MODE REJECTION RATIO(CMR) ■ 20 log 

*A • SINGLE-ENDED VOLTAGE GAIN AS MEASURED 

IN CIRCUIT SHOWN IN FIG. 68 92CS-I2963R2 

Fig. 9 


SINGLE-ENDED INPUT IMPEDANCE vs TEMPERATURE 



AMBIENT TEMPERATURE (T A )— *C 

92CS-I3306 


Fig. 10 


SINGLE-ENDED INPUT IMPEDANCE TEST CIRCUIT 



Fig. 1 1 


SINGLE-ENDED OUTPUT IMPEDANCE vs TEMPERATURE 



AMBIENT TEMPERATURE (T A ) — *C 


92CS-I3SOI 

Fig. 12 



TOTAL HARMONIC DISTORTION vs TEMPERATURE AGC RANGE TEST CIRCUIT 



92CS- 13493 

Fig. m Fig. 15 
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CA3001 


Video and Wideband Amplifier 

• Designed for use in Video Systems and Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• Built-in temperature stability for operation from -55°C to +125°C 

• Emitter follower input & output 

• Companion Application Note ICAN5038 “Application of the RCA-CA3001 Integrated- 
Circuit Video Amplifier*, covers different operating modes, gain control, distortion, 
swing capability, 3 stoge amplifier design,and a Schmitt trigger study. 

• 12-Lead Hermetic TO-5 Style Package 


ABSOLUT E-MAXIMUM VOLTAGE AND CURRENT LIMITS at Ta = 25°C 

Indicated voltage or current limits for each terminal can be applied under the specified conditions for other terminals. 
All Voltages are with respect to ground (common terminal of Positive and Negative DC Supplies). 


HIGHLIGHTS 
• Push-Pull Input & Output 

• AGC Rang* 

60 dB typ. 

• Bandwidth 

29 MHz 

• Input Resistance 

150 kO typ. 

• Output Rosistonco 

45 0 typ. 

• Voltage Gain 

19 dB typ. 

• Input Offset Voltage .... 

1.5 mV typ. 

APPLICATIONS 

• Schmitt Trigger 

• DC, IF, & 

• Mixer 

Video 

• Modulator 

Amplifier 


VOLTAGE OR 
CURRENT LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 



2, 6 

0 

-2.5 

+2.5 

3, 10 

-6 



9 

+6 



1, 6 

0 

-8.5 

0 

3, 10 

-8.5 



9 

+6 



1, 2,6 

0 

-10 

0 

9 

+6 



10 

-6 



1, 2,6 

0 

-8.5 

0 

9 

+6 



10 

-6 



1,2,6 

0 

-6 

0 

3, 10 

-6 



9 

+6 



1, 2 

0 

-2.5 

+2.5 

3, 10 

-6 



9 

+6 

II 

NTERNAL CONNECTION 



DO NOT USE 



VOLTAGE OR 
CURRENT LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 



1, 2, 6, 10 

0 



3 

-6 

25 mA 

9 

+6 



200-f) RESISTOR 



CONNECTED BETWEEN 
TERMINALSNo.8 & No.10 

0 

+10 

1,2, 6, 10 
3 

0 

-6 



1, 2, 6 

0 

-10 

0 

3 

•6 



9 

+6 



1, 2, 6, 10 
3 

0 

-6 

25 mA 

9 | +6 

200-O RESISTOR 



CONNECTED BETWEEN 
TERMINALS NalO&Nall 


NTERNAL CONNECTION 



00 NOT USE 




* Internal Connection - DO NOT USE 

Fig. I • Schematic Diagram. 



INTERNALLY CONNECTED TO TERMINAL No.3 
(SUBSTRATE) DO NOT GROUND I 


Fig.2 - Input offset voltage and current vs. 


j POSITIVE DC SUPPLY VOLTS IV CC )*+6 H 
H NEGATIVE DC SUPPLY VOLTS (V EE )*-6 R 


OPERATING TEMPERATURE RANGE 

STORAGE TEMPERATURE RANGE 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max 


-55°C to +125°C 
-65°C to +150°C 


MAXIMUM SINGLE-ENDED INPUT-SIGNAL VOLTAGE ±4V 

MAXIMUM COMMON-MODE INPUT-SIGNAL VOLTAGE ± 2.5 V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85°C 450 mW 

Above 85°C Derate linearly 5 mW/°C 


Fig. 3 - Input bias current vs. temperature. 


I POSITIVE OC SUPPLY. VOLTS <V cc )*+6 
NEGATIVE OC SUPPLY VOLTS (VEE>' -6 


-75 -SO -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A >— *C 

S2CS-l3290f 

Fig. 4 - Output offset valtage vs. temperature. 


POSITIVE DC SUPPLY VOLTS ' +6 
NEGATIVE OC SUPPLY VOLTS (V EE ) --6 


-75 - 50 - 25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 

92CS-I337IRI 

Fig. 5 - Quiescent operating voltage vs. temperature. 



Fig. 6 - Device dissipation vs. temperature. 
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CA3001 


ELECTRICAL CHARACTERISTICS, AT Ta = 25°C, Vcc = +6 V, Vee - -6 V 


CHARACTERISTICS 
(See Page 2 for 
Definitions of Terms) 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No.4 and No.5 
Not Connected 
Unless Specified 

test 

CIRCUITS 

LIMITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

TYPE CA3001 

Fig. 

Min. | Typ. | Max. | Units 

Fig. 

STATIC CHARACTERISTICS: | 

Input Offset Voltage 

V|0 


12 


rrr 


mV 

2 

Input Offset Current 

HO 


13 


1 

10 

M A 

2 

Input Bias Current 

'I 


13' 


16 

36 

mA 

3 

Output Offset Voltage 

voo 

Rg = 1 kfl 



54 

300 

mV 

4 

Quiescent Operating 
Voltage' 

v 8 

OR 

Vll 

T 

MODE 

ERMINA 

4 

LS 

5 







A 

NC 

NC 


3.8 

4.4 

5 

V 

5 

B 

NC 

VEE 



4.8 


V 

5 

C 

vee 

NC 



2.7 


V 

5 

D 

vee 

vee 



4 


V 

5 

Device Dissipation 

P D 

A 

NC 

NC 


60 

78 

120 

mW 

6 

B 

NC 

vee 



71 


mW 

6 

C 

vee 

NC 



110 


mW 

6 

°l 

vee 

vee 


- 

86 


mW 

6 

| DYNAMIC CHARACTERISTICS: | 

Differential Voltage Gain 
(Single-ended input and output) 

A DIFF 

f 1.75 MHz 
f 20 MHz 


16 

10 

19 

14 


dB 

dB 

7,8 

Bandwidth at -3 dB Point 

BW 

Rg = son 


16 

29 


MHz 

NONE 

Maximum Output Voltage Swing 

VoUT(P-P) 

Rg = 5017 f = 1.75 MHz 


. 

5 


vp-p 

NONE 

Noise Figure 

NF 

f 1.75 MHz, R$ 1 Ki: 

11 


5 

8 

dB 


f 11.7 MHz, R$ IKK 

11 


7.7 


dB 

9 

Common-Mode Rejection Ratio 

CM R R 

f 1 KHz 


70 

88 


dB 

10 

Input Impedance Components: 









Parallel Input Resistance 

R|N 

f 1.75 MHz 


50 

140 

- 

kQ 

11 

Parallel Input Capacitance 

C IN 

f 1.75 MHz 



3.4 

7 

PF 

11 

Output Resistance 

Rout 

f 1.75 MHz 



45 

70 

i'l 

NONE 

AGC Range (Maximum voltage 
gain to complete cutoff) 

AGC 

f 1.75 MHz 


55 

60 


dB 

NONE 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — *C 92CS-U287 

Fig. 7 - Differential voltage gain vs. temperature. 


POSITIVE DC SUPPLY VOLTS (Vcc)* +6 
NEGATIVE DC SUPPLY VOLTS (V EE )*-6 
AMBIENT TEMPERATURE (Ta)«25*C 
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0.1 I 10 100 1000 

FREQUENCY (f ) — MH2 92CS-I328ZRI 

Fig. 8 • Differential voltage gain vs. frequency. 



Fig. 9- Noise figure vs. source resistance and frequency. Fig. 10 - Common-mode rejection ratio vs. temperature. 


POSITIVE DC SUPPLY VOLTS (V cc )*t6 
NEGATIVE DC SUPPLY VOLTS (V EE )*-6 
AMBIENT TEMPERATURE (T A )*25*C 







120 




LL 


1 

At 



_L_ 





12 



—J 

h-L 







T 





z 




A 

L_ 



INPUT 

CAPACITANCE 

- 


10 I 


1 






1 60 


EC 








4 





° U) 

1 








■t 

4 





6 I 



ji 



r~ 


r 





k 









A 








1 20 



INPUT ^ 
ESISTANCE 




“T 





5 

2 1 





A 


1 












s 

i 




x 

0 



L_l_ 

; I 




Q 


— 

t 

_L 


I 2 4 6 8 1 2 4 6 8 2 4 6 8 1 2 4 6 B 1 

001 0 1 I 10 100 

FREQUENCY (f) MHz 92CS-ISZSI 


Fig. 1 1 . Input impedance components vs. frequency. 
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CA3001 



92CS-I3387 


1. Adjuat Vg tor VoUTt 00 ) “0 ± 0.1 V 2. Ilaaaura Vg and racord 
Input oftaat voltaga (V|q) In mV aa Vg 

Vlo *1000 

Fig. 12 ■ Input offset voltage test circuit. 



Fig. 13 - Input offset current and input bias current 
test circuit. 


v cc 

+ 6V 



Separate tuned input circuits are used for 1.75 MHz and 11.7 MHz. 
Source-resistance matching taps adjusted with circuit tuned to 
resonance and with 50 -ohm resistor connected to simulate 
noise diode. 

Fig. 14 . Noise figure test circuit. 


♦ v !v c 



*A» SINGLE -ENDED VOLTAGE 
GAIN 


Fig. 15 - Common-mode rejection ratio test circuit. 


37-250 

P* 



Fig. 16 - ACC range test circuit. 
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CA3002 

IF Amplifier 

• Designed for use in Communication Equipment 

• Balanced differential amplifier configuration with controlled constant-current source 
provides outstanding versatility 

• 10-Lead hermetic TO-5 style package 

• Built-in temperature stability for operation from -55°C to +125°C 

• Companion Application Note I CAN -5036 "Application of the RCA-3002 Integrated-Circuit 
IF Amplifier” covers different operating modes, cross modulation, gain control, 4-stage 
amplifier design, and an envelope and product detector analysis. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, atT A = 25°C 

COMMON-MODE INPUT SIGNAL VOLTAGE ±2 V 

MAXIMUM POWER SUPPLY VOLTAGE 16 V or ±8 V 

OPERATING-TEMPERATURE RANGE -55°C to +125°C 

STORAGE-TEMPERATURE RANGE -65°C to +J50°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

. MAXIMUM INPUT -SIGNAL VOLTAGE ±4V 

MAXIMUM DEVICE DISSIPATION: 

-55 to 85 °C 450 mW 

Above 85°C Derate linearly 5 mW/°C 


HIGHLIGHTS 

• Input Resistance 100 kQ typ. 

• Output Resistance 70 Cl typ. 

• Voltage Gain . . 24 dB typ. § 1.75 MHz 

• Push-Pull Input, Single-Ended Output 

• *3 dB Bandwidth 11 MHz typ. 

• AGC Range 80 dB typ. 

• Useful Frequency Ranqe DC to. .15 MHz 


• Product Detector 

• IF 8. Video 

Amplifier 


APPLICATIONS 

etector • AM Detector 


• Schmitt Trigger 



CASE AND SUBSTRATE 
ALL RESISTORS ARE IN OHMS 


STATIC CHARACTERISTICS AND TEST CIRCUITS 


Fig. 1 — Schematic diagram. 


POSITIVE DC SUPPLY VOLTS (V cc )» +6 
NEGATIVE DC SUPPLY VOLTS tV EE ) • -6 


POSITIVE DC SUPPLY VOLTS (Vcc) ■ + 6 \ 

NEGATIVE DC SUPPLY VOLTS (V EE ) • -6 f 


POSITIVE DC SUPPLY VOLTS tV cc ) ■ +6 
NEGATIVE DC SUPPLY VOLTS (V EE ) • -6 


AMBIENT TEMPERATURE <T A )—«C 92CS-I3347 

Fig. 2 - Input unbalance voltage <S current vs temperature. 


75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T A ) — »C 92CS-I334S 

Fig. 3 - Input bias current vs temperature. 


-75 -50 -25 O 25 50 75 100 125 

AMBIENT TEMPERATURE (T A )- C 

92CS-I3562 

Fig. 4 - Quiescent operating voltage vs temperature. 


STATIC CHARACTERISTICS AND TEST CIRCUITS 


POSITIVE DC SUPPLY VOLTS IV C C> « +6 ! 

NEGATIVE DC SUPPLY VOLTS tV EE ) • -6 ; 
FREQUENCY (f) *1.75 MHi 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE <T A 1 — *C 


Fig. 5a - Differential voltage gain vs temperature. 


POSITIVE DC SUPPLY 
NEGATIVE DC SUPPLY 
AMBIENT TEMPERATUR 

5X1 1 1 

VOLTS (V CC ) • +6 
VOLTS (V EE ) ■ -( 
(T A )*25«C 

— n 1 






m 20 
| 

— 

Ill 



IHI 

in 

5PB 


— 

■I 

■■■ 

1 19 

| 10 
d 

— 

iiiii 



iiiii 

iiiii 


IIIII 

g 

IS 

IS 

5 

SL 

— 

— 

- 


s 

s 



s 

- 



■ POSITIVE DC SUPPLY VOLTS tV<;c> * + 6 Hf - 
NEGATIVE DC SUPPLY VOLTS IV EE ) ■ -6 tCI' " 

■sHmbi® 


Fig. 5b- Differential voltage gain vs frequency. 


-75 -5(1 -25 I ^25 50 75 I HO 125 

AMBIENT TEMPERATURE (T A ) — *C 

Fig. 6 - Bandwidth at -3 dB point vs temperature. 
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CA3002 


ELECTRICAL CHARACTERISTICS, at T* =25°C, VcC = *6 V, V EE =-6 V 


SPECIAL TEST CONDITIONS TEST | 
CHARACTERISTICS SYMBOLS TERMINALS No.3 & No.4 CIRCUITS 
NOT CONNECTED 
UNLESS OTHERWISE NOTED 



Input Impedance Components: 
Parallel Input Resistance 


Parallel Input Capacitance 
Output Resistance 
AGC Range (Maximum Voltage 
Gain to Complete Cutoff 


Rin 

f » 1.75 MHz 

• C|N 

f ■* 1.75 MHz 

Rout 

f ■ 1.75 MHz 


SOURCE RESISTANCE (R»> — Q 


Fig. 7 • Noise figure vs source resistance. 


SOURCE 

RESISTANCE 

MATCHING 

AUTOTRANSFORMER* 


v I.T5- MHr _) RF 
/ AMPLIFIER ANO “1 v.T.V M. 


with tank tuned to resonance at 1.75 MHz, and a 50-ii resistor 
connected to simulate the noise diode. 


Fig. 8 - Noise figure. 



Fig. 9a - Output resistance vs temperature. 



Fig. 9b - Output resistance vs frequency. 



AMBIENT TEMPERATURE CT A ) — % 

92CS-IJ402 

Fig. 10 • input level for - 30 dB intermodulation 
vs. temperature 


1 

4 



1) Increase both input-signal tones until the 2f2-f1 end 2fi-f2 output- 
signal voltages are 30 dB below the f i and f2 output-signal voltages. 

2) Measure rms values of the input and output signal voltage*. 

3) The measured input signal voltage is that value when the 3rd-har- 
monic intermodulatio'> products are 30 dB below the fundamen- 
tal outputs. 

Fig. 11 - Intermodulation Test Circuit . 



UCS-IS40I 


Fig. 12- ACC range vs frequency. 



1) Set attenuator at 60 dB attenuation. 

2) Set variable dc supply voltage at 0 V. 

3) Increase signal inputvoltageuntit RF V.T.V.M. indicates 5 mV 
output. 

4) Set variable dc supply voltage at *6 V. 

5) Adjust attenuator until RF V.T.V.M. again indicates 5 mV output. 

6) Change in attenuator setting In dB is total AGC Range. 

Fig. 13- ACC range. 
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CA3004 

RF Amplifier 

• Designed for use in Communications Equipment 

• Balanced Differential-Amplifier Configuration with Controlled Constant-Current 
Source Provides Unexcelled Versatility 

• Built-in Temperature Stability for Operation from -55° C to +125° C 

• Similar to RCA CA3005 and CA3006, plus Emitter-Degeneration Resistors 
to Provide More Linear Transfer Characteristic and Increased Input-Signal 
Handling Capability 

• Companion Application Note ICAN5022 "Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers”, covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC, 
limiter, detector, and amplifier design considerations. 

• 12-Lead Hermetic TO-5 Style Package 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, at T FA = 25°C 

Voltage limits shown for each terminal can be applied under the indicated circuit conditions for other terminals. 
AH voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 


NEGATIVE | 

POSITIVE 

terminal! 

VOLTAGE 

1 

NO CONNECTION 


7 

NO CONNECTION 




6 

0 


8 

NO CONNECTION 




12 

0 





2 

0 




3 

•9.5 





3 

-6 

2 

•9.5 

0 

9 

46 





6 

0 




10 

46 


9 

0 

+12 

10 

46 




11 

46 





11 

46 




2 

0 





12 

0 




6 

0 





2 

0 


•12 


9 

46 





3 

•6 

3 

0 

10 

46 





6 

0 




11 

46 


10 

0 

+12 

9 

46 




12 

0 





11 

46 




2 

0 





12 

0 




6 

0 





2 

0 




9 

46 





3 

•6 

4 

-12 

0 

10 

46 




+12 

6 

0 




11 

46 


11 

0 

10 

46 




12 

0 





1) 

46 




2,6,12 

0 





12 

0 




3 

•6 





2 

0 

5 

•6 

0 

9 

46 





3 

•6 




10 

46 





6 

0 




11 

46 


12 

-3.5 

+3.5 

9 

46 




2 

0 





10 

*6 




3 

-6 





11 

*6 

6 

-3.5 

+3.5 

9 

46 


CASE 

INTERNALLY CONNECTED TO TERMINAL 

10 

46 



NO. 3 (SUBSTRATE) DO NOT GROUND 




11 

46 









12 

0 







OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -6S°C to +I50°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE *3.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE - • -2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


• Push-Pull Input and Output 

• Widt and Narrow-Band Amplifier 

• AGC 

• Detector 

• Operation from DC to 100 Mc/s 

• Mixer 

• Limiter 

• Modulator 

• RF, IF, and Video Frequency 
Capability 


SCHEMATIC DIAGRAM FOR CA3004 



Fia-i 


TYPICAL STATIC CHARACTERISTICS AND 
TEST CIRCUITS FOR TYPE CA3004 
(Figs. 2 to 8) 


INPUT OFFSET VOLTAGE AND CURRENT 
VS TEMPERATURE 



92CS-13302 


Fig. 2 

INPUT BIAS CURRENT VS TEMPERATURE 
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CA3004 


ELECTRICAL CHARACTERISTICS, at T FA = 25° C, V CC = f6V, V E E = 


-6 V unless otherwise specified 
LIMITS I TYPI 


CHARACTERISTICS 


STATIC CHARACTERISTICS 


SPECIAL TEST CONDITIONS 
Terminals No.4 and No.5 Open 
Unless Otherwise Specified 


Input Offset Voltage 

vio 


Fig. 4 

Input Offset Current 

! I0 


Fig.5 

Input Bias Current 

II 


Fig. 5 



TERMINALS 


Quiescent 

[ 9 

4 

NC 

5 

NC 

Fig.8 

Operating 

or 




Current 

Hi 

v EE 

NC 

Fig. 8 



NC 

Vee 

Fig.8 



v E e 

vee 

Fig.8 

Quiescent Operating 
Current Ratio 

Ig/Ill 


Fig.8 

Device Dissipation 

PT 


Fig.8 

DYNAMIC CHARACTERISTICS 

Power Gain 

Gp 

f = 100 Mc/s 

Fig. 11 

Noise Figure 

NF 

f = 100 Mc/s 

Fig. 11 

Common Mode 
Rejection Ratio 

CMR 

f = 1 Kc/S - 

Fig. 13 

AGC Range (Max. Voltage 





Gain to Complete Cutoff) 

AGC 

f = 1.75 Mc/s 


Fig. 14 


Min. Typ. Max. Units 


1. ADJUST R, FOR V OUT "0±0.h 

2. RECORD V 10 




Input Offset Voltage 

The difference in the dc voltages which must be applied to the input 
terminals to obtain equal quiescent operating voltages (zero output 
offset voltage) at the output terminals. 

Input Offset Current 

The difference in the currents at the two input terminals when the 
quiescent operating voltages at the two output terminals are equal. 

Input Bias Current 

The average value (one-half the sum) of the currents at the two 
input terminals when the quiescent operating voltages at the two 
output terminals are equal. 

Quiescent Operating Current 

The average (dc) value of the current in either output terminal. 


Quiescent Operating Current Ratio 


i OF TERMS 
Power Gain 

The ratio of the signal power developed at the output of the device 
to the signal power applied to the input, expressed in dB. 


The ratio of the total noise power of the device and a resistive 
signal source to the noise power of the signal source alone, the 
signal source representing a generator of zero impedance in series 
with the source resistance. 

Common-Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common-mode 
voltage gain. 

Common-Mode Voltage Gain 

The ratio of the signal voltages developed between the two output 
terminals to the signal voltage applied to the two input terminals 
connected in parallel for ac. 


Differential Voltage Gair 


The ratio of the change in output voltage at either output terminal 
with respect to ground, to a change in input voltage at either input 
terminal with respect to ground, with the other input terminal at 
ac ground. 


QUIESCENT OPERATING CURRENT VS TEMPERATURE 

I 1 P0SITIVE oc SUPPLY VOLTS tVrr)- +s Hddd+H: 

H+h +f- negative dc supply volts iv EC )- -6 

2 4+ : • TERMINALS No.4C.Na9 

+F : connected to v ec :::::::: 

4±- TERMINALS No. 4 6 No. 5 OPEN 


Device Dissipation 


The total change in voltage gain (from maximum gain to complete 
cutoff) which may be achieved by application of the specified range 
of dc voltage to the AGC input terminal of the device 


TEST CIRCUIT FOR TYPE CA3004 


QUIESCENT OPERATING CURRENT, QUIESCENT 
OPERATING CURRENT RATIO, AND DEVICE 
DISSIPATION TEST CIRCUIT 


I ©©I OJ^ 

f 


-75 -50 -25 0 25 50 75 II 

FREE-AIR TEMPERATURE (T FA ) — *C 


P x = V C C «9 +I 10 + Ill) + vee 13 
Fig-8 
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CA3004 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS FOR TYPE CA3004 (Figs. 9 to 14) 

POWER GAIN VS FREQUENCY NOISE FIGURE VS FREQUENCY 100 Mc/ , P0WER G 


POSITIVE OC SUPPLY VOLTS (Vcc) * 
NEGATIVE OC SUPPLY VOLTS (V EE ) ' 
FREE-AIR TEMPERATURE (T FA ) - 25*t 
SOURCE IMPEDANCE (R.) - 90 0 
LOAD IMPEDANCE (R|J • 90 O 

+6 

-• 







25 










■ 












8 20 






Ss 












SB 



£ 







■ K 



i ra 











i 

■■ 



— 



— 

■ 

— 

■ 

■ 

_ 

- 

t 9 

— 

1 — ~ 

— 

— 

— 

■ 

■ 

■ 

■ 



Q 



i 




_ 


- 


I 


POSITIVE OC SUPPLY VOLTS (Vcc)" +6 
NEGATIVE DC SUPPLY VOLTS ( V EE > • -6 
FREE -AIR TEMPERATURE (T FA ) . 25*C 
SOURCE RESISTANCE (R,) - SO O 


100 Me/* POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



FOR POWER-GAIN TEST 
’FOR NOISE -FIGURE TEST 




COMMON-MODE REJECTION RATIO TEST CIRCUIT 

V CC 

+GV 


OSCILLOSCOPE 
WITH HIGH-GAIN 
DIFFERENTIAL 
INPUT 

(TEKTRONIX TYPE 
SSO. 340. OR SGO 
WITH TYPE D PLUG-IN 
TEKTRONIX TYPE 802. 


AGC RANGE TEST CIRCUIT 

37-290 V CC 



1.75 Me/t 
AMPLIFIER 
GAIN: 0 TO 45 48 












CA3005, CA3006 


RF Amplifiers 

• Designed for use in Communications Equipment 

e Balanced Differential Amplifier Configuration with Controlled Constant-Current 
Source to Provide Unexcelled Versatility 

e Built-in Temperature Stability for Operation from -55° C to +125° C 

• Companion Application Note, ICAN 5022 "Application of RCA CA3004, CA3005, 
and CA3006 Integrated Circuit RF Amplifiers", covers characteristics of 
different operating modes, noise performance, cross-modulation, mixer, AGC 
limiter, detector, and amplifier design considerations. 

• 12-Lead Hermetic TO-5 Style Package. 


• Push-Pull Input ond Output 

• Wide and Narrow Band Amplifier 

• ACC 

• Detector 

• RF, IF, and Vldao 

Frequency Capability 
e Operation from DC to 100 MHz 

• Mixer 

e Limiter 
e Modulator 

• Cat code Amplifier 


SCHEMATIC DIAGRAM FOR CA3005 AND CA3004 



NOTE: Connect Terminal Ne.9 te mast 
positive dc supply voltoga used foe 

circuit. 


Fie- 1 


ABSOLUTE-MAXIMUM VOLTAGE LIMITS, atT FA = 25°C 

Voltage limits shown for each terminal can be applied under the indicated voltage conditions for other terminals. 
All voltages are with respect to GROUND (common terminal of Positive and Negative DC Supplies) 



TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




1 

0 




7 

0 




9 

+6 

8 

-12 

0 

10 

+G 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

9 

0 

+12 

10 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 

10 

0 

+12 

8 

9 

-6 

+6 




11 

+6 




12 

0 




1 

0 




7 

0 




8 

-6 

11 

0 

+12 

9 

+6 




10 

+6 




12 

0 




8 

-9.5 




9 

+6 

12 

-9.5 

0 

10 

+6 




11 

*6 

CASE 

Internally connected to Terminal No.8 (substrate) 1 



DO NOT GROUND 

1 


OPERATING-TEMPERATURE RANGE -55°C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +I50°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch f 1 .5 l > ± 0.7‘)mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±3.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE -2.5 V. +3.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


INPUT OFFSET VOLTAGE AND CURRENT 



KCS-IIMT 


Fig. 2 


INPUT OFFSET VOLTAGE TEST CIRCUIT 



INPUT BIAS CURRENT 



Flg.4 


WCS-I5SI5 
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CA3005, CA3006 


ELECTRICAL CHARACTERISTICS, at T A = 25° C, V cc = ^6V, V EE = -6V 








LIMITS 

TYPICAL 






TEST 


TYPE 

CA3005 



TYPE 

CA3006 



CHARAC* 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Terminals No.3,4,5, and 6 Not 

CIRCUITS 






TERISTICS 

CURVES 



Connected Except Where Noted 

Fig. 

Min. 

Typ. 

M»- 

Min, 

Typ. 

Max. 


Fig. 

STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 


Fig. 3 


2.6 

5 

- 

0.8 

1 

mV 

Fig.2 

Input Offset Current 

>10 


Fig. 4 

- 

1.4 

- 

- 

1.4 


mA 

Fig.2 

Input Bias Current 

X IB 


Fig. 4 

- 

19 

40 

- 

19 

40 

mA 

Fig. 5 



TERMINALS 











1 10 


4 

5 










Quiescent 

Operating 

Current 


NC 

NC 

Fig. 10 


1 

- 

n -1 

1 


mA 

Fig.6 

111 

NC 

-VEE 

Fig. 10 


2.7 

_ 

_ 

12 

- 

mA 

NONE 



VEE 

NC 

Fig. 10 

- 

0.45 

- 

- 

0.45 • 

- 

mA 

NONE 




VEE 

-Vff 

Fig. 10 

_ 

1.25 

_ 

_ 

1.25 

- 

mA 

Fig.6 

Quiescent Operating 
Current Ratio 

ho 

hi 


Fig. 10 

- 

1.05 


- 

1.05 

- 

- 

Fig.7 

Device Dissipation 

pt 


Fig. 10 

- 

26 

- 

- 

26 

- 

mW 

NONE 

DYNAMIC CHARACTERISTICS | 



f - 

Cascode Configuration 

Fig. 11 

16 

20 

- 

16 

20 


dB 

Fig.9 

Power Gain 

g p 

100 

MHz 

Differential-Ampl. 

Configuration 

Fig. 12 

14 

16 

- 

14 

16 

- 

dB 

Fig. 11 



f = 

Cascode Configuration 

Fig. 11 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig: 13 

Noise Figure 

NF 

100 

MHz 

Differential Ampl. 
Configuration 

Fig. 12 

- 

7.8 

9 

- 

7.8 

9 

dB 

Fig. 14 

Common-Mode 
Rejection Ratio 

CMR 

f = 1 kHz 


- 

101 

- 


101 

- 

dB 

Fig. 15 

AGC Range (Max. Voltage 
Gain to Complete Cutoff) 

AGC 

f = 1.75 MHz 


-60 

- 

- 

-60 

- 


dB 

NONE 


POWER-GAIN (CASCODE CONFIGURATION) 


POWER-GAIN (DIFFERENTIAL-AMPLIFIER 
CONFIGURATION) 



1 DIFFERENTIAL -AMPLIFIER CONFIGURATION 
| FREE-AIR TEMPERATURE (T rA ) . 25* C 

1 

II 

n 



I 

30 





a 



■1 

n 











SI 

«■ 




a zs 

I ^ 








s 

m 
















i 

3 13 









«■ 

B 











sn 


r 

3 

or 19 
1. 









Hi 

a 

« 

■ 





■: 





■ 

H 

B 

3 





■ 







J 





_ 






_ 

J 


10 100 
FREQUENCY (f) — MC/t 


Fig. 8 


NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
(CASCODE CONFIGURATION) 


NOISE FIGURE AND POWER-GAIN TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 



f 

Cl 

c 2 

Ll 

1-2 

Mc/« 

pF 

PF 


mH 

30 

14-150 

5-40 

0.3-0. 6 

0.8-1. 4 

100 

5-40 

5-40 

0.07-0.12 

0.15-0.3 



* FOR POWER-GAIN TEST 
▼ FOR NOISE-FIGURE TEST 


* FOR POWER-GAIN TEST 
▼ FOR NOISE-FIGURE TEST 


Fig. 10 


Fig. 11 


QUIESCENT OPERATING CURRENT 



•KS-ISM 


Fig. 5 


QUIESCENT OPERATING CURRENT RATIO 



•KS-IIM 


Fig. 6 


100-Mc/ • NOISE FIGURE VS. V EE (CASCODE 
CONFIGURATION) 



Mci-asw 

Fig. 9 


100 Mc/« NOISE FIGURE VS. V BB (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) 
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CA3005, CA3006 


COMMON-MODE-REJECTION RATIO 



-79 -SO -29 0 23 50 79 100 129 

FREE-AI* TEMWUTUKf (Tf*l — *C 


IKJ-I1M 

Fig. 13 


COMMON-MODE-REJECTION RATIO 
TEST CIRCUIT 

vcc 
♦« v 



Fig. 14 


ACC RANGE TEST CIRCUIT 


37-230 



Fig. 13 


71 









CA3007 


AF Amplifier 

• Designed for use in Sound Systems and Communication Equipment 

t Balanced differential-amplifier configurat ion wi th controlled constant- 
current source provides for both audio ampl i fi cation and phase inversion 

• Built-in temperature stability for operation from -55°C to + 1 25° C 

• Eliminates need for audio driver transformer 

• Companion Application Note, I CAN 5037 "Application of the RCA-CA3007 
Integrated Circuit Audio Driver" covers design of a dual supply audio 
driver in a direct-coupled audio amplifier, and a single supply audio 
driver in a capacitor-doupled audio amplifier 

• Supplied in the hermetic 12-lead TO-5 style package 


OPERATING-TEMPERATURE RANGE -S5 0 C to +I25°C 

STORAGE-TEMPERATURE RANGE -65°C to +I50°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM SINGLE-ENDED INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM COMMON-MODE INPUT- 

SIGNAL VOLTAGE ±2.5 V 

MAXIMUM DEVICE DISSIPATION 300 mW 


ELECTRICAL CHARACTERISTICS, at TpA = 25°C, VcC = + 6 V, VeE »-6 V, 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 
Pin 4 Not Connected Unless 
Otherwise Noted 

TEST 

CIRCUITS 

LIMITS 

TYPE 

CA3007 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 



Fig- 

Min. 

Typ. 

Max. 

Units 

Fig. 

STATIC CHARACTERISTICS | 


_ 

Input Unbalance Voltage 

V|U 


3 

- 

0.57 ' 

5 

mV 

2 

Input Unbalance Current 

1 1 U 


3 

- 

0.57 

5 

mA 

2 

Input Bias Current 

h 


3 

- 

11 

34 

A* 

4 

Quiescent Operating 
Voltage 

V8 or V10 


3 

_ 

0.87 

_ 

V 

5 

Device Dissipation 

P T 


3 

- 

30 


mW 

NONE 

DYNAMIC CHARACTERISTICS ! 


Power Gain 

G P 

f = 1 Kc/s 

6 

20 

22 

- 

dB 

NONE 

Total Harmonic 
Distortion 

THD 

f = 1 Kc/s 

6 


0.28 

_ 

% 

NONE 

Input Impedance 

Z IN 

f = 1 Kc/s 

7 

- 

4K 

- 

fi 

NONE 

Common-Mode 
Rejection Ratio 

CMR 

f = 1 Kc/s 

9(A) 

9(B) 

- 

77 

- 

dB 

8 


INPUT BIAS CURRENT v« TEMPERATURE 


INPUT UNBALANCE- VOLTAGE 8. CURRENT. INPUT BIAS 
CURRENT, QUIESCENT OPERATING VOLTAGE, AND 
DEVICE DISSIPATION TEST CIRCUIT 



Rl and R2 matched to ±.1%. 

P T = v CC ! 9 + V £E*3 

Ig = Direct Current into Terminal No.9 
I3 = Direct Current out of Terminal No.3 

Fig. 3 



92CS-I3375 


Fig. 4 


HIGHLIGHTS 

• Input Impedance. ... 4 kfi typ. 

• Output Impedance ... 60 fi typ. 

• Power Gain 22 d B typ. 


• Push-Pull Input & Output 

• Di rect Coupl ing to Class B Audio 
Output Stage 

APPLICATIONS 

• Audio Ampl i f ier 

• Audio Driver 


SCHEMATIC DIAGRAM 



TYPICAL STATIC CHARACTERISTICS 
AND TEST CIRCUIT FOR CA3007 

INPUT UNBALANCE VOLTAGE AND CURRENT 
v* TEMPERATURE 



97CS-I3377 


Fig.2 

QUIESCENT OPERATING VOLTAGE vs TEMPERATURE 



Fig. 5 
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CA3007 


ABSOLUTE-MAXIMUM YOLTAGE LIMITS, at T A = 25° C 

Indicated voltage limits for each terminal can be applied under the specified operating conditions for other terminals. 
All voltages are with reBpect to ground (-Vcq, *VeE> or common terminal of Positive and Negative DC supplies). 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

-6 




6 

0 

8 

-2 

0 

7 

0 




9 

*6 




11 

0 




2 

0 




3 

-6 

9 

0 

*10 

6 

0 




7 

0 




11 

0 




2 

0 


.. 


3 

-6 




6 

0 

10 

-2 

0 

7 

0 




9 

*6 




11 

0 




1 

0 




2 

0 


I 


3 

-6 

11 

-2.5 

*2.5 

6 

0 




7 

0 




9 

«6 




2 

0 




3 

-6 




6 

0 

12 

-2 

0 

7 

0 




9 




1 

11 

0 

CASE | 

INTERNALLY CONNECTED TO TERMINAL 


No.3 (SUBSTRATE) DO NOT GROUND 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 




2 

0 




3 

•6 




6 

0 

1 

-2.5 

*2.5 

7 

•o 




9 

*6 




11 

0 




3 

-8 




6 

0 

2 

-8 

0 

7 

0 




9 

*6 




11 

0 




6 

0 




7 

0 

3 

-10 

0 

9 

>6 




11 

0 




6 

0 




7 

0 

4 

-8.5 

0 

9 

*6 




11 

O' 




2 

0 




3 

-6 




6 

0 

5 

-2.5 

*2.5 

7 

0 




9 

*6 




il 

0 




2 

0 




3 

-6 

6 

-3 

0 

7 

0 




9 

*6 




11 

0 




1 

0 




2 

0 



. 

3 

-6 

7 

-2.5 

*2.5 

5 

0 




6 

0 




9 

*6 


TYPICAL DYNAMIC CHARACTERISTIC 
AND TEST CIRCUITS FOR CA3007 


POWER GAIN AND TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 



92CS-U60Z 

T (Output Transformer): 

Primary Impedance = 2000 Q C.T. 

Secondary Impedance = 16 Q 
Efficiency =45% approx. 

(STANCOR TYPE TA-10 OR EQUIVALENT) 

Fig. 6 

INPUT IMPEDANCE TEST CIRCUIT 



Fig. 7 


COMMON-MODE REJECTION RATIO vs TEMPERATURE 



COMMON-MODE REJECTION-RATIO TEST CIRCUITS 



•A- SINGLE -ENDEO VOLTAGE GAIN 

(A) Single-Ended Differential Voltage Gain (B) Common-Mode Voltage Gain 

F»g-9 
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CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 

Operational Amplifiers 


14-Leod Flat Pack 
12-Leod TO-5 Style 
Beam-Lead Device 

14-Leod Plastic Dual In-Line (TO-1 16) 
14-Lead Ceramic Dual In-Line (TO-116) 


• Open-Loop Voltage Gain 

• Common-Mode Rejection R 

• Output Impedance 

• Input Offset Voltage 


• All types are electrically identical within their voltage groups 

• The CA3I05 is available in a sealed-junelion Beam-Lead 
version (CA30I5L). For further information see File 
No. 515, "Beam-Lead Devices for Hybrid Circuit 
Applications. 

• Designed for use in Telemetry, Data-Proccssing, Instrumentation, and 
Communication Equipment 

• Built-in temperature stability from -55 °C to +125°C for flatpack, TO-5 
style, and ceramic dual in-line packages; 0°C to+70°C for plastic dual 
in-line package 

• Companion Application Notes 1CAN-5290, “Integrated CircuitOperational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, "Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers”. 

ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, Ta - 25°C 

Voltage or current limits shown for each terminal can be applied under the indicated 
voltage or other circuit conditions for other terminals 

All voltages are with respect to ground (common terminal of Positive and Negative DC Supplies) 


I Terminal 

Voltage or Current 



1 


CA3008 

Limits 

Circuit Conditions 

CA3010 

CA3029 

Nega- Posi- 





CA3037 

tive tive 

Terminal 

Voltage 

12 

1 

DO NOT APPLY VOLTAGE FROM AN EX- 
TERNAL SOURCE TO THIS TERMINAL 




CA3010 

CA3008 

CA3029 

CA3037 


1 

2 

•8 V 0 V 

4 

10 

6 

13 

•8 

+6 




1 

2 

0 

2 

3 

•4 V +1 V 

3 

4 

4 

g 

0 

-6 




10 

13 

+6 




l 

2 

0 

3 

4 

-4 V +1 V 

2 

4 

3 

6 

0 

-6 




10 

13 

+6 


5 

NO CONNECTION | 

4 

6 

1 

-10 V ov 

10 

2 

13 

0 1 
+6 


4 6 -6 

10 I 13 I +6 

200 Cl Between Terminals 
■6 & 12 (CA3008, 

CA3029, CA3037) 

4 & 9 (CA3010) 


Internally connected to Terminal No -4, 
CA3010 (Substrate) DO NOT GROUND 


OV 

+10 V 

OV 

+7 V 


| Terminal |v 

CA3015 

CA3016 _ 

CA3030 

CA3038 

12 

1 



1 

2 

2 

3 

3 

4 


5 

4 

6 


7 

5 

8 

6 

9 

7 

10 

8 

11 

9 

12 

10 

13 

11 

14 

CASE 


CA3016 
CA3030 
CA3015 CA3038 


mm i; 

NO CONNECTION 

o v I m I 


4 6 -12 

10 | 13 | +12 

400 fi Between Terminals 
6 & 12 (CA3016, 

CA3030, CA3038) 

4 & 9 (CA3015) 


OV 

+20 V \ 

4 

2 0 
6 -12 


1 

2 0 

OV 

+14 V 4 

6 -12 


10 

13 +12 


Internally connected to Terminal No.4, 
CA3015 (Substrate) DO NOT GROUND 


APPLICATIONS 

• Narrow-Band and Band- • Oscillator 

pass Amplifier • Comparator 

• Oparational Functions • Servo Drivar 

• Feedback Amplifier • Scaling Adder 

• DC and Video Amplifier * Balanced 

• Multivibrator Meduloter-Drivs 


SCHEMATIC DIAGRAMS 

«9 £t.5K R|2^7.5K 


M 

y_o i 1 

| f "7 


: Mf 

| S s s 1 

R s 

r 

$ Re < Rii 

r‘\ f- 



[ h~ 



SUBSTRATE 




•tee-uins,*. 


CA3008 

CA3030 


CA3016 

CA3037 


CA3029 

CA3038 


R 2 |aik 


m 

| L": 

g— o® 


f 

L^°e 


k V*1INVERTING 

1 1 INPUT 

tl 1 >J 

Q|0 


CA3008 CA3010 

CA3016 CA3015 CA3029 CA3016 CA3015 CA3008 CA3010 

CA3037 CA3038 CA3030 CA3030 CA3038 CA3029 CA3037 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C -40°C to +85°C MAXIMUM SIGNAL VOLTAGE -8 V to +1 V -4Vto+lV 

STORAGE TEMPERATURE RANGE .... -65°C to +150°C -65°C to +150°C MAXIMUM DEVICE DISSIPATION ..... 600 mW 300 mW 
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CA3008, CA3010, CA3015, CA3016, CA3029.CA3030, CA3037, CA3038 

ELECTRICAL CHARACTERISTICS .. T* - 25 °C TYPICAL STATIC CHARACTERISTICS AND 


Characteristics 

Symbols 

Special Test Conditions 
Terminal No.B (CA3008, 
CA3016, CA3029, CA3030, 
C A3 037, CA3038) 

Terminal No.5 (CA3010, 
CA3015) Not Connected 

Test 

Cir- 

cuit 

CA3008 

CA3010 

CA3029 

CA3037 

CA3016 

CA3015 

CA3030 

CA3038 

Units 

Typical 

Charac- 

teristic 

Curves 



Unless Otherwise Specified 

Fig. 

Min. | Typ. | Max. 

Min. | Typ. | Max. 


Fig. 


STATIC CHARACTERISTICS: 


Input Offset Voltage 

V|0 

vcc ■ -*€V, vee = -6V 

= +12V = -12V 

4 


1.08 

5 


1.37 

5 

mV 

2 

Input Offset Current 

lio 

= +6V = -6V 

= +12V = -12V 

5 


0.54 

5 


1.07 

5 

a*a 

2 

Input Bias Current 

'|B 

= +6V = -6V 

= +12V = -12V 

5 


5.3 

12 


9.6 

24 

/jA 

3 

Input Offset Voltage 
Sensitivity: Positive 

Negative 

AV| 0 /AVCC 

AV|o/AVee 

= +6V = -6V 

= +12V = -12V 

= +6V = -6V 

= +-12V = -12V 

* 


0.10 

0.26 

1 

1 


0.096 

0.156 

0.5 

0.5 

mV/V 

none 



= +6 V = -6 V 

= +12V = -12V 



30 



175 




Device Dissipation 

p D 

g! shotted to (U V “ e ' / 6 7 6 V v 
8 shorted to 12 

4 


102 



500 


mW 

none 

DYNAMIC CHARACTERISTICS: All tests at f = 1 kHz except BWql | 

Open-Loop Differential 
Voltage Gain 

a ol 

vcc = +6V. vee = -6V 

= +12V = -12V 

8 

57 

60 


66 

70 


dB 

6 & 7 

Open-Loop Bandwidth 
at -3 dB Point 

bw ol 

= +6V = -6V 

= +12V = -12V 

8 

200 

300 


200 

320 


kHz 

6 & 7 

Common-Mode Rejection 
Ratio 

CMRR 

VCC = + 6V, VEE = -6V 
= +12V = -12V 

11 

70 

94 


80 

103 


dB 

12 

Maximum Output-Voltage 
Swing 

V 0 (P-P) 

= +6V = -6V 

= -+12V = -12V 

8 

4 

6.75 


12 

14 


Vp.p 

9 & 10 

Input Impedance 

ZlN 

= +6V = -6V 

= tl2V - -12V 

14 

10 

14 


5 

7.8 


kQ 

13 

Output Impedance 

ZOUT 

= t6V ■ = -6V 

= +12V = -12V 

15 


200 



92 


Q 

15 

Common-Mode 
Input-Voltage Range 

V ICR 

= +6V = -6 V 

= +12V = -12V 

ii 

0.5 

to 

-4 



0.65 

to. 



V 

none 


TYPICAL STATIC CHARACTERISTICS AND 
TEST CIRCUITS 

INPUT OFFSET VOLTAGE AND CURRENT 



INPUT BIAS CURRENT 




-75 -50 - 25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T*)— *C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max 


Terminal Numbers in Circles are forCA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 


1. Adjust Vg for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure Ve and record Input Offset Voltage in millivolts as 
Ve/1000. 

Input Offset Voltage Sensitivity 

1. Adjust Vf for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

[s] voltmeter 2. Increase I Vqq | by 1 volt and record output voltage (Vqut). 

©IT wv R - C 5 BA 3. Decrease | Vqq | by 1 volt and record output voltage (Vqut)- 

equivalent ) 4. Divide the diference betwaen Vqut measured in steps 2 and 3 by the 

change in Vqq in steps 2 and 3. 

v 0 JT v 0UT v 0UT ( S ^P 2) - Vqut (Step 3) 


5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (A 0L ). 


6. Repeat procedures 1 through 5 for the Negative Supply (Vee). 

7. Device Dissipation 
P T = VqqIc + VeeIE 

1C = Direct Current into Terminal(fi)or 0 
lE = Direct Current out of TerminakDor ( 7 ] 



Procedure: 

Input Bios Current and Input Offset Current 

1. Adjust V£ for | Vqut I < 0.1 V DC. 

2. Measure and record Ve and V|^. 

3. Calculate the Input Bias Current using the following equation: 

V|N 4 
14 100 kfl 

4. Calculate the Input Offset Current using the following equation: 

1 10 = Ve/ 100 kQ 
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CA3008, CA3010, CA3015, CA3016, CA3029,CA3030, CA3037, CA3038 


TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 


Italic Numbers in Square Boxes are for CA3010, CA3015 


OPEN-LOOP VOLTAGE GAIN > 


POSITIVE DC SUPPLY VOLTS <Vcc> 
NEGATIVE DC SUPPLY VOLTS (V EE ) 
SOURCE RESISTANCE tR S )*IKO 
TERMINAL No. 8 (J] OPEN 


OPEN-LOOP VOLTAGE GAIN v*. FREQUENCY 
FOR CA3029 AND CA3030 

I POSITIVE DC SUPPLY VOLTS (V C C) AMBIENT TEMPERAT1 

NEGATIVE DC SUPPLY VOLTS (V EE ) <T A )*25*C 
SOURCE RESISTANCE (Rs)*l Kfl 

TERMINAL No. 6 OPEN 



iragpi mmmimmti 


■mmsiui 

IIIIIIKIIill 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE v*. LOAD RESISTANCE 
FOR CA3008, CA3010, CA3015, CA3016, CA3037, CA3038 

H 1 h H 1 | ll 1 H I - H I f t I f f I f t I I 17.51 POSITIVE DC SUPPLY VOLTS (Vcc) t 

: : : ir rj 1 1 1 1 1 ± : : 1 1 t" : : : ± ± s: negative dc supply volts iv ee > : 

H f f f f t l i. *r e + + i .. TERMINAL No.Bg] OPEN - 


OPEN-LOOP DIFFERENTIAL VOLTAGE GAIN, 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE, 
AND OPEN-LOOP BANDWIDTH AT -3 dB 
POINT TEST CIRCUIT 



- AMBIENT TEMPERATURE (Ta) * -5! 


f AM8IENT TEMPERATURE (T A )»I25*C 4 


Procedure: 

1. Adjust Vg for VOUT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz. 

4 0L ■ LOOO^I 

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz. 

4. Measure Open-Loop Bandwidth at -3 dB Point. 

Reference Level = A 0| at 1 kHz. 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE vs. LOAD RESISTANCE 
FOR CA3029 AND CA3030 

POSITIVE 'DC SUPPLY VOLTS (V C C> II j- f I - 

NEGATIVE DC SUPPLY VOLTS (V EE ) I ± Z ' I " ' I 

TERMINAL No. 8 SHORTED TO TERMINAL No. 12 -4- 


• POSITIVE DC SUPPLY VOLTS (Vcc) ' 
: .NEGATIVE DC SUPPLY VOLTS (V EE ) - 

• TERMINAL No. 8 ® SHORTED TO 

] TERMINAL No. 1 2® Z 


LOAD RESISTANCE (Rl.) — K OHMS 92CS- 14**2 

<b) 


j- AMBIENT TEMPERATURE (Ta) ■ 0»c 


Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 
Italic Numbers in Square Boxes are for CA3010, CA3015 

COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 


LOAO RESISTANCE (Rl) — KQ 92CS-I4B60 

(a) 


POSITIVE OC SUPPLY VOLTS (Vcc) 

I NEGATIVE DC SUPPLY VOLTS (V EE ) I 
■f, TERMINAL No. 8 OPEN 




H AMBIENT TEMPERATURE (T A ) ■ Q«C f- 


.... tuctcd OSCILLOSCOPE 

VOLTMETER | . 1 (TEKTRONIX 

tRC * VOUT (DC) VquT ( • k H z J I TYPE 502 A 


IMfl< 

_L 


Procedure*: 

Common-Mode Rejection Ratio: 

1. Set Vbias = Adjust Vg for VouT(DC) = 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial input signal and adjust for V$ = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vqijt- An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated.fr om noise output. 

4. Calculate Common-Mode Voltage Gain: 

a CM = VoUT/Vs 

Acm in dB = -20LOGio v S/ v OUT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = ApiFF in dB - Aqm in dB. 

Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of Vbias within the maximum limits shown on Page 2. The Com- 
mon-Mode Input-Voltage Range limits are those values of Vr|AS 
at which CMR is 6 dB less than that calculated in Step 5 of the 
procedure given above. 


LOAD RESISTANCE (R L ) — K OHMS 92CS-H66I 

"" Fig. 10 . 

COMMON-MODE REJECTION RATIO vs. FREQUENCY 

POSITIVE DC SUPPLY VOLTS (V C C> I I II [TTI TTT 
NEGATIVE DC SUPPLY VOLTS (V EE ) 

AMBIENT TEMPERATURE (Ta)*25*C ' " 

TERMINAL No. 8 ® OPEN 
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Fig. 11 









CA3008, CA3010, CA3015, CA3016, CA3029, CA3030, CA3037, CA3038 

TYPICAL DYNAMIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008, CA3016, CA3029, CA3030, CA3037, CA3038; 

Italic Numbers in Square Boxes are for CA3010, CA3015 


SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE 


SING LE-ENDED INPUT IMPEDANCE TEST CIRCUIT 


JTPUT IMPEDANCE vs. TEMPERATURE 





OUTPUT IMPEDANCE TEST CIRCUIT 

v cc 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 

Operational Amplifiers HIG 


HIGHLIGHTS 

6 V Types 12 V Types 


6- VOLT TYPES 
CA3008A 
CA3010A 
CA3029A 
CA3037A 


12- VOLT TYPES 
CA3016A 
CA3015A 
CA3030A 
CA3038A 


14-Lead Flat Pack 
12-Lead TO-5 Style 

14-Lead Plastic Dual In-Line (TO-116) 
14-Lead Ceramic Dual In-Line (TO-116) 


• These new types have all the desirable features and characteristics of 
their prototypes plus lower noise figures and improved input character- 
istics for offset voltage, offset current, bias current, and impedance. 

• All types are electrically identical within their voltage groups 

• Designed for use in Telemetry, Data-Processing, Instrumentation, and 
Communication Equipment 

« Built-in temperature stability from -55°C to +125°C for Flatpack, TO-5 
style, and ceramic dual in-line packages; 0°C to +70°C for plastic dual 
in-line package 

• Companion Application Notes ICAN-5290, “Integrated Circuit Operational 
Amplifiers”; ICAN-5213, “Application of the RCA-CA3015, CA3016 In- 
tegrated Circuit Operational Amplifiers”; and ICAN-5015, “Application 
of the RCA-CA3008, CA3010 Integrated Circuit Operational Amplifiers” 
cover Bode characteristics, phase compensation, frequency shaping, and 
amplifier design. 



Open-Loop Voltage Gain 

60 

70 

dB typ 


Common-Mode Rejection Ratio . . 

94 

103 

dB typ 


Input Impedonce 

20 

10 

k typ 


Input Offset Voltage 

0.9 

1 

mV typ 


Input Offset Current 

0.3 

0.5 

A. typ 


Input Bias Current 

2.5 

4.7 

A typ 


Static Power Drain at • 12 V. . . . 


175 

mW typ 


at 6 V ... . 

30 

30 

mW typ. 


at 3 V . . 

7 

7 

mW typ 



- 

7SK 





4 



1 1 ? 

M 

4 



ojL j 

*1 ^'"VErtTlNO 


<>-] 

► *14 

i J 



NON- ^ INVERT^ 


FiB-1 

SCHEMATIC DIAGRAMS 


APPLICATIONS 

Narrow-Band and Band- • Oscillator 

pass Amplifier • Comparator 

Operational Functions • Servo Driver 

Feedback Amplifier • Scaling Adder 

DC and Video Amplifier • Balanced 

Multivibrator Modulator-Driver 


. CHARACTERISTICS at T A = 25°C 


Characteristics 

Symbols 

STATIC CHARACTERISTICS: 

Input Offset Voltage 

V|0 

Input Offset Current 

iio 

Input Bias Current. 

'lB 

Input Offset Voltage 
Sensitivity: Positive 

AV| 0 AVCC 

Negative 

AV|0 AVee 

Device Dissipation 

P D 

DYNAMIC CHARACTERISTICS: All tests a 

Open-Loop Differential 
Voltage Gain 

a ol 

Open-Loop Bandwidth 
at -3 dB Point 

bw ol 

Slew Rate 

SR 

Common-Mode Rejection 
Ratio 

CMR 

Maximum Output-Voltage 
Swing 

Vo(P-P) 

Input Impedance 

Z IN 

Output Impedance 

Z0UT 

Common-Mode 
Input-Voltage Range 

V ICR 

Noise Figure 

NF 


Special Test Conditions 
Terminal No.8 (CA3008A, 
CA3016A, CA3029A, CA3030- 
CA3037A, CA3038A) , 
Terminal No.5 (CA3010A, 
CA3015A) Not Connected 


V CC = -*6V, VeE = 

= +12V 


Test 

CA3008A 

CA3016A 


Typical 

Cir- 

CA3010A 

CA3015A 


Charac- 

cuit 

CA3029A 

CA3037A 

CA3030A 

CA3038A 

Units 

teristic 

Curves 

Fig- 

Min. | Typ. | Max. 

Min. | Typ. | Max. 


Fig- 


8 shorted I. 12 V CC;;^ V 
at f = 1 kHz except BWq|_ 


= +6V, 

V E E = *6V 

= +12V 

= -12V 

= +6V 

= -6V 

= +12V 

- -12V 

6V V EE 

- -6V R s = 

^12V 

= -12V 1 kQ 

= +6V, 

VEE = -6V 

=■ +12V 

= -12V 

- +6V 

= -6V 

= +12V 

= -12V 

= +6V 

= -6 V 

= +12V 

= -12V 

= +6V 

= -6 V 

= +12V 

= -12V 

= +6V 

= -6V • 

= +12V 

= -12V 

t-3V , VEE 

= -3V 

^GV 

= -6V R s = 

r9V 

= -9V lkfi 

♦ 12 V 

= -12V 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max 


Vp.p 9 & 10 
kft 13 



CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 

CA3030A, CA3037A, CA3038A 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS, T A » 25°C 

Voltage or current limits shown for each terminal cun be upplied under the indicated 
voltage nr other circuit conditions for other terminals 
All voltages are with respect to ground (common terminal of Positive and Negative DC Supplie 


Terminal Voltage or Current 
= I r-AimcA Limits 


Terminal 

Voltage or Current 



CA3008A 

Limits Circuit Conditions 


CA3010A 

CA3029A 

Nega- Pnsi- 

r 


CA3037A 

tive tive Terminal | Voltage 



TYPICAL STATIC CHARACTERISTICS AND TEST CIRCUITS 

Terminal Numbers in Circles are for CA3008A, CA3016A, 
CA3029A, CA3030A, CA3037A, CA3038A; 

Italic Numbers in Square Boxes are for CA3010A, CA3015A 

INPUT OFFSET VOLTAGE AND CURRENT 


CA3038A live 
| DO N( 



I 10 I 13 

NO CONNECTION 


0 25 50 75 100 125 

AMBIENT TEMPERATURE (Ta) — *C 


Flg.2 

INPUT BIAS CURRENT 


200 w. Between Tetmlnals 
6 & 12 (CA3008A, 
CA3029A, CA3037A) 

4 & 9 (CA3010A) 


OV 

+10 V 

0 V 

+7 V 



14 OV +14 V 4 
10 


CA3008A CA3010A 

CA3016A CA3015A CA3029A CA3016A CA3015A CA3008A CA3010A 

CA3037A CA3038A CA3030A CA3030A CA3038A CA3029A CA3037A 

OPERATING TEMPERATURE RANGE . . -55°C to +125°C -40°C to -*80°C MAXIMUM SIGNAL VOLTAGE -8Vto+l V -4 V to +1 V 

STORAGE TEMPERATURE RANGE .... -65°C to +200°C -65 °C to +150°C MAXIMUM DEVICE DISSIPATION 600 mW 300 mW 



-75 -SO -25 0 25 SO 75 lOO 125 

AMBIENT TEMPERATURE (Ta) — *C 

S2CS-I4S47 

Pig. 3 

INPUT OFFSET VOLTAGE, INPUT OFFSET VOLTAGE 
SENSITIVITY, AND DEVICE DISSIPATION TEST CIRCUIT 



0 VOLTMETER 

0 ICUTp^zW- ; v R «8A 

EQUIVALENT) 


Input Bias Currant and Input Offset Currant 

1. Adjust VE for I VouT I < 0.1 V DC. 

2. Measure and record V E and V|^ 4 

3. Calculate the Input Bias Cuirent using the following equation: 

, V '"4 

" 4 I^Tq- 

4. Calculate the Input Offset Current using the following equation: 

*tO = Ve/ 100 k O 


Input Offset Voltage 

1. Adjust V£ for a DC Output Voltage (Vqut) of 0 ± 0.1 volts. 

2. Measure Ve and record Input Offset Voltage in millivolts as 
V E /1000. 

Input Offset Voltage Sensitivity 

1. Adjust Vf for a DC Output Voltage (Vqut) of 0 t0 - 1 volts * 

2. Increase |Vcc I Dy 1 volt and record output voltage (VouT)- 

3. Decrease | Vcc I by 1 volt and record output voltage (Vqut) • 

4. Divide the dlference between Vqut measured in steps 2 and 3 by the 
change In Vcc in stops 2 and 3. 

v OUT Vqut ( St °P 2 ) * v OUT ( s t»P 3) 

Vqc 2 volts 

5. Refer the reading to the input by dividing by Open Loop Voltage 
Gain (A 0L ). 

.. ni v 0UT /vcc 

V|0/VCC = r 

a OL 

6. Repeat procedures 1 through 5 for the Negative Supply (Vee). 

7. Device Dissipation 
P T ■ VccIC + Vee'E 

1C = Direct Current into Terminal 13 or [fcj 
lE * Direct Current out of Terminal 6 or 0 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 
CA3030A, CA3037A, CA3038A 


OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3008A, CA3010A, CA3015A, CA3016A, 
CA3037A, CA3038A 



OPEN LOOP VOLTAGE GAIN vs. FREQUENCY 
FOR CA3029A AND CA3030A. 



OPEN-LOOP DIFFERENTIAL VOLTAGE 
GAIN, MAXIMUM PEAK-TO-PEAK OUT- 
PUT VOLTAGE, AND OPEN-LOOP BAND- 
WIDTH AT -3 POINT TEST CIRCUIT 



92CS-I4036 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE vs. LOAD RESISTANCE 
FOR CA3008A, CA3010A, CA3015A, CA3016A, CA3037A, CA3038A 



Procedure: 

1. Adjust Ve for VouT = ±0.1 V DC. 

2. Measure Open-Loop Differential Voltage Gain (Aql) at f = 1 kHz 

A ql = 20 Log 10 

3. Measure Maximum Peak-to-Peak Output Voltage at f = 1 kHz 

4. Measure Open-Loop Bandwidth at -3 dB Point 

Reference Level = Aq l at 1 kHz 

Fig. 8 


MAXIMUM PEAK-TO-PEAK* OUTPUT VOLTAGE ve. LOAD RESISTANCE 
FOR CA3029A AND CA3030A 



COMMON-MODE REJECTION RATIO AND COMMON-MODE 
INPUT-VOLTAGE-RANGE TEST CIRCUIT 


Vcc 



Fig.11 


Procedures: 

Common-Mode Rejection Rofio: 

1. Set Vbias ■ 0. Adjust Ve for V 0 ut(DC) = 0 ± 0.1 V. 

2. Apply 1-kHz sinusodial input signal and adjust for Vc = 0.3 V 
(RMS). 

3. Measure and record the RMS value of Vqm-p An oscilloscope is 
used for this measurement so that the output signal may be visu- 
ally separated.frorn noise output. 

4. Calculate Common-Mode Voltage Gain: 

a CM ■ Vout/Vs 

Acm in dB = -20 LOGio Vs/VquT 

5. Calculate Common-Mode Rejection Ratio: 

CMR in dB = Aqiff in dB - Acm in dB. 

Common-Mode Input-Voltage Range: 

1. Calculate and record CMR for various positive and negative values 
of Vrjas within the maximum limits shown on Page 2. The Com- 
mon-M>ae Input-Voltage Range limits are those values of VriaS 
at which CMR is 6 dB less than that calculated in Step 5 or the 
procedure given above. 
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CA3008A, CA3010A, CA3015A, CA3016A, CA3029A, 

CA3030A, CA3037A, CA3038A 


COMMON-MODE REJECTION RATIO v*. FREQUENCY 



FREQUENCY (»)— MMj 9ZCS-I48S9 


Fig. 12 


SINGLE-ENDED INPUT IMPEDANCE vs. TEMPERATURE SING LE-ENDED INPUT IMPEDANCE TEST CIRCUIT 



AMBIENT TEMPERATURE (Ta)— *C 9?cs . 

Fig. 13 




-79 - 90 -29 0 29 90 T9 100 129 

AMBIENT TEMPERATURE (Ta) — *C 9ZCS-I4850 


OUTPUT IMPEDANCE vs. TEMPERATURE 
Fig. 16 
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CA3011, CA3012 

Wideband Amplifiers 


FEATURES «. APPLICATIONS 

• exceptionally high amplifier gain: • excellent limiting characteristics - 

power gain at 4.5 MHz >75 dB typ. Input limiting voltaga (knaa) = 

600 mV typ. at 10.7 MHz 

• wide frequency capability - 

100 kHz to > 20 MHz 

• supplied in the hermetic 10-lead 
TO-5 style package 

ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT Ta = 25° C 

Indicated voltage limit* for each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

NOTE: TERMINALS 6, 7, AND 9 OF RCA-CA3011 AND CA3012 ARE USED FOR INTERNAL 
CONNECTIONS. DO NOT APPLY VOLTAGES OR MAKE EXTERNAL CONNECTIONS TO 
THESE TERMINALS. 



VOLTAGE LIMITS 



VOLTAGE CONDITIONS AT OTHER TERMINAL 

s 

2 

3 

4 

5 

8 

10 

Same as 1 


+2.5 to +7.5 

+7.5 

Ground 

+7.5 

- 


+2.5 to +7.5 

+7.5 

Ground 

+7.5 

Same as 1 


+2.5to +7.5 

+7.5 

Ground' 

+7.5 

Same as 1 

< > 
"o "ro 

- 

+7.5 


Same as 1 

z E 

+2.5 to +7.5 

- 

ISSUES 

Same as 1 

° 5 

+2.5 to +7.5 

+7.5 

WBMWBI 

Same as 1 


+2.5 to +7.5 

+7.5 




_ Same as 2 - I +2.5 to +7.5 I +7.5 I 

-3 to +3 Same as 1 : 

-3 to +3 Same as 1 ~ — - +/.o 

•3 to +3 Same as 1 o J +2.5 to +7.5 
•3 to +3 Same as 1 ^ +2.5 to +7,5 +7.5 

-3 to +3 Same as 1 +2,5 to +7.5 +7.5 

INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 


CA3012 

VOLTAGE CONDITIONS AT OTHER TERMINALS 


INTERNALLY CONNECTED TO TERMINAL N0.8 (GROUND TERMINAL) 


OPERATING-TEMPERATURE RANGE -55 to +125° C 

STORAGE-TEMPERATURE RANGE -65 to + 150° C 

LEAD TEMPERATURE (During Soldering) : 

At distance 1/16 ± 1/32 inch ( J.59 ± 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 2 ±3 V 

MAXIMUM DEVICE DISSIPATION 300 mW 

RECOMMENDED MINIMUM DC SUPPLY VOLTAGE (V cc ) • • 5.5 V 


Example of Use of LIMITS TABLE: 

For RC A-3012, a maximum voltage of ±3 volts may be applied 
to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at any dc potential between +2.5 and +10 volts 

Terminal 5 is at a dc potential of +10 volts 

Terminals 6, 7, and 9 are at 0 dc potential (NOT USED) 

Terminal 8 is at dc ground potential 

Terminal 10 is at a dc potential of +10 volts 


BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING RCACA3011 OR CA3012 
INTEGRATED CIRCUIT WIDE BAND AMPLIFIER 




Fig. 1 — Schematic diagram for CA3011 
and CA3012. 

INPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 



■ ■■■■>■■■■ -•■■■■ KXa i 

iiiiiaiiiiiiiiiiRu.:^ICii 


■ ■■■■■■■■■■■■imMMia. «:-«■■■■■ 
!■■■■■■■■■ ■■■■flpLAJfaHB ■■■■■■*»: 

■ ■■■■■■■■ 


FREQUENCY <f ) — Mc/h »Z 

Fig. 2 

OUTPUT-IMPEDANCE COMPONENTS 
VS FREQUENCY 


DC SUPPLY VOLTS (Vcc). 

TS tjij | 


AMBCNT TEMPERATURE (T 

■1 

Ml 



■| 





; TTmff 3 


!■■■■■■■■■■■■ 

!§§/ 


FREQUENCY (f)-M<A »2CS-ljm 

Fig. 3 

VOLTAGE GAIN AND INPUT LIMITING VOLTAGE 
VS FREQUENCY 

AMBIENT TEMPERATURE (T»>*25»C 14 ~ ’ 

DC SUPPLY VCLTSIVecl'T.S 
SOURCE RESISTANCE ( Rs) • 900 

LOAD RESISTANCE (R|.)*IKfl > 


INPUT LIMITING VOLTAGE I 


X II 
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ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

SETUP 

& 

PROCEDURE 


DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 


RCA 

CA3012 

Fig- 


95B 

°C 

M 

E3 

H 


HJ 

H 

MSWL 

Total 

Device 

Dissipation* 

Pt 

6 

- 

B 

-55 

- 

fj 

- 

m 

m 

C 3 



■hi 

El 

19 

KB 

m 

B 

IBI 


BIB 

- 

m 

B 

m 

m 

m 


- 


-55 

B 

in 

- 

m 

El 

El 



+25 

m 

m 

EB 

EB 

B 

m 


9 

- 

m 

B 

D 

Bilil 

ea 


- 


Si 

- 

- 

- 

9| 

BE 

EJ 



mm 

- 

- 

- 

El 

El 



mm 

- 


B 

El 

El 



Voltage Gain** 

A 

n 

■ 

| 

•55 

_ 

BB 

B 

m 

m 

B 



+25 

n 

m 

- 

m 

m 

B 


BBE9 

- 

o 

- 

E 

m 

B 


n 

■ 


-55 

- 

n 

- 


B 

B 



mem 

m 

El 

_ 

m 

■ 

B 



- 

m 

- 


m 

- 


n 

■ 


•» 

- 

- 

- 


B 





- 

- 

B 

*3 

B 



9 

- 

- 



B 




4.5 

7.5 

9 

m 

B 


B 

B 



a 

10.7 

7.5 

9 


m 


E 




Input-Impedance 
Components: 
Parallel Input 
Resistance 
Parallel Input 
Capacitance 

r IN 

7 

4.5 

7.5 

+25 


3 


1 




■ 


7 







■ 




2 

Output Impedance 
Components: 
Parallel Output 
Resistance 
Parallel Output 
Capacitance 

r 0UT 

8 



H 


u 


l 



kQ 

3 

hi 

8 

4.5 


B 


B 


■ 





H9j 

B 

10 

n 


B 




1 





Input Limiting 
Voltage (Knee) 

BBS 

9 

n 












* The total current drain may be determined by dividing Pj ty VCC- ** Recommended minimum dc supply voltage(VcC) is 5.5 V. Nominal 

load current flowing into terminal 5 is 1.5 mA at 7.5 V. 


CA3011, CA3012 


DISSIPATION TEST SETUP 



TOTAL DEVICE DISSIPATION (P T )*V C cI 
92CS-I36I2 


Fig. 6 


INPUT-IMPEDANCE COMPONENTS 
TEST SETUP 


+ V CC 



OUTPUT-IMPEDANCE COMPONENTS 
TEST SETUP 



( 


i 


VOLTAGE-GAIN TEST SETUP 


+ Vcc 



PROCEDURES 
A - Voltage Gain: 

1) Set input frequency at desired value, 

Vi = 100 mV rms. 

2) Record v 0 . 

3) Calculate Voltage Gain A from 
A = 20 logio vo/vi 

4) Repeat Steps 1, 2, and 3 for each 
frequency and/or for temperature desired. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps A1 and A2, using 
V| =100 mV 

2) Decrease v i to the level at which v 0 

is 3 dB below its value for vi = 100 mV. 

3) Record V| as Input Limiting Voltage 
(Knee). 


NOISE FIGURE TEST SETUP 


+v cc 



Li = 82 iA\, center-tapped 
L 2 = 2.36 tM 

Ci,C 2 = Arco Type 423 padder, or equivalent 

Fig. 10 
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CA3013, CA3014 

Wideband Amplifier-Discriminators 


SCHEMATIC DIAGRAM FOR CA3013 AND CA3014 



Fig. 1 


BLOCK DIAGRAM OF TYPICAL TELEVISION RECEIVER USING RCA INTEGRATED- 
CIRCUIT SOUND-IF AMPLIFIER AND DETECTOR SECTION 



INTEGRATED-QRCWT SOUNO-IF AMPLIFIER ANO DETECTOR | 


Fig. 2 


FEATURES & APPLICATIONS: 

• exceptionally high gain: 

power gain at 4.5 MHz — 75 d8 typ. 

• excellent limiting characteristics - 
input limiting voltage (knee) 

= 300 mV typ. at 4.5 MHz 

• excellent AM rejection: > 50 di 
at 4.5 MHz 

• high audio-voltage recovery — 

220 mV typ. at 4.5 MHz 

25 kHz deviation 

• wide frequency capability - 100 kHz 
to > 20 MHz 

• comprehensive circuit functions: 

if amplifier, AM and noise limiter, 

FM detector, audio preamplifier 

• supplied in the hermetic 10-lead TO-5 
style package 


TYPICAL CHARACTERISTICS AND TEST SETUPS 


+M:c 


TOTAL OEVICE DISSIPATION (P T )*V CC I 

92CS-I3804 

Fig. 3 



ABSOLUTE-MAXIMUM VOLTAGE LIMITS AT T A = 25° C 

Indicated voltage limits for each terminal can be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 8). 

CA3013 





VOLTAGE CONDITIONS AT OTHER TERMINALS | 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

-3 

+3 

- 

Same as 1 


+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

2 

-3 

+3 

Sameas2 


o> 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

3 

-3 

+3 

-3 to +3 

Same as 1 

M 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

4 

+2.5 

+7.5 

-3 to +3 

Same as 1 



+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

5 

0 

+10 

-3 to +3 

Same as 1 

a> 

+2.5 to +7.5 


Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

6 

+2.5 

+7.5 

-3 to +3 

Same as 1 

LU 

Same as 6 

+7.5 


Same as 4 

Ground 

AF Output 

+7.5 

7 

+2.5 

+7.5 

-3 to +3 

Same as 1 

<£ 

+2.5 to +7.5 

+7.5 

Same as 4 


Ground 

AF Output 

+7.5 

8 

-3 

+7.5 

-3 to +3 

Same as 1 

Z 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 

+7.5 

9 

0 

+7.5 

-3 to +3 

Same as 1 

o 

+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 


+7.5 

10 

0 

+10 

-3 to +3 

Same as 1 


+2.5 to +7.5 

+7.5 

Same as 4 

Same as 4 

Ground 

AF Output 



CASE INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 


CA3014 





VOLTAGE CONDITIONS AT OTHER TERMINALS ~\ 

1 CftlYHIIttL 


0 

1 

2 

3 

4 

T 

6 

7 

8 

9 10 

■ -3 : 

+3 

- 

Same as 1 


+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Outppt +10 


*3 

+3 

Same as 2 



+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output +10 

3 -3 

+3 

-3 to +3 

Same as 1 

“o 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output +10 

4 +2.5 

+10 

-3 to +3 

Same as 1 



+10 

Same as 4 

Same as 4 

Ground 

AF Output +10 

5 0 

+13 

-3 to +3 

Same as 1 

1 

+2.5 to +10 


Same as 4 

Same as 4 

Ground 

AF Output +10 

6 

+2.5 

+10 

-3 to +3 

Same as 1 

% 

Same as 6 

+10 


Same as 4 

Ground 

AF Output +10 

7 

+2.5 

+10 

-3 to +3 

Same as 1 

s 

♦2.5 to +10 

+10 

Same as 4 


Ground 

AF Output +10 

8 

-3 

+10 

•3 to +3 

Same as 1 

T5 

z 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output +10 

9 

0 

+10 

-3 to +3 

Same as 1 

□ 

+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

+10 

10 

0 

+13 

-3 to +3 

Same as 1 


+2.5 to +10 

+10 

Same as 4 

Same as 4 

Ground 

AF Output - 


CASE INTERNALLY CONNECTED TO TERMINAL No.8 (GROUND TERMINAL) 


OPERATING-TEMPERATURE RANGE 55 to +125°C 

STORAGE-TEMPERATURE RANGE 65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16± 1/32 inch (1.59 t 0.79mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 2 ±3V 

MAXIMUM DEVICE DISSIPATION 300 mW 

RECOMMENDED MINIMUM DC 

SUPPLY VOLTAGE (V cc ) 5.5 V 


Example of use of LIMITS TABLE: 

For RCA-CA3013, a maximum voltage of ±3 volts may be 
applied to Terminal 1 under the following conditions: 

Terminal 2 is at the same dc potential as Terminal 1 

Terminal 3: do not apply external voltage 

Terminal 4 is at anydc potential between +2.5 and +7.5 volts 

Terminal 5 is at a dc potential of +7.5 volts 

Terminals 6 and 7 are at the same dc potential as Terminal 

Terminal 8 is at dc ground potential 

Terminal 9 is used as the af output terminal 

Terminal 10 is at a dc potential of +7.5 volts 
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ELECTRICAL 
CHARACTERISTICS 
(See Page 8 for 
Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

SETUP 

& 

PROCEDURE 

FREQUENCY 

f 

DC 

SUPPLY 

VOLTAGE 

vcc 

AMBIENT 

TEMPERA- 

TURE 

ta 

RCA 

CA3013 

RCA 

CA3014 

Fig. 

Mc/s 

volts • 

°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Fig. 

Total 

Device 

Dissipation* 

?T 

3 

- 

6 

-55 

- 

80 

- 

73 

80 

120 

mW 


+25 

60 

90 

133 

73 

90 

110 

mW 

+125 

- 

70 

- 

60 

70 

110 

mW 

3 

- 

7.5 

-55 

- 

130 

- 

106 

130 

170 

mW 


+25 

87 

120 

187 

106 

120 

150 

mW 

+125 

- 

100 

- 

90 

100 

150 

mW 

3 

- 

10 

-55 

- 

- 

- 

165 

210 

250 

mW 


+25 

- 

- 

- 

165 

190 

230 

mW 

+125 

- 

- 

- 

150 

160 

230 

mW 

Voltage Gain** 

A 

4 

1 

6 

-55 

- 

55 

- 

50 

55 

- 

dB 


+25 

60 

66 

- 

60 

66 

- 

dB 

+125 

- 

61 

- 

50 

61 

- 

dB 

4 

l 

7.5 

-55 

- 

59 

- 

55 

59 

- 

dB 


+25 

65 

70 

- 

65 

70 

- 

dB 

+125 

- 

65 

- 

55 

65 

- 

dB 

4 

1 

10 

-55 

- 

- 

- 

55 

61 

- 

dB 


+25 

- 

- 

- 

65 

71 

- 

dB 

+125 

- 

- 

- 

55 

66 

- 

dB 

4 

4.5 

7.5 

+25 

60 

67 

- 

60 

67 

- 

dB 

5 

10.7 

7.5 

+25 

55 

60 

- 

55 

60 

- 

dB 

Input-Impedance 
Components: 
Parallel Input 
Resistance 
Parallel Input 
Capacitance 

r IN 

6 

4.5 

7.5 

+25 

- 

3 

- 

- 

3 

- 

kft 

7 

C IN 

6 

4.5 

7.5 

+25 

- 

7 

- 

- 

7 

- 

PF 

7 

Output-Impedance 
Components: 
Parallel Output 
Resistance 
Parallel Output 
Capacitance 

r out 

8 

4.5 

7.5 

+25 


31.5 

_ 

_ 

31.5 


kfl 

9 

C 0UT 

8 

4.5 

7.5 

+25 

- 

4.2 

- 

- 

4.2 

- 

PF 

9 

Noise Figure 

NF 

10 

4.5 

7.5 

+25 

- 

8.7 

- 

- 

8.7 

- 

dB 

1 1 

Input Limiting 
Voltage (Knee) 

Vj(lim) 

14 

4.5 

7.5 

+25 

- 

300 

450 

~ 

- 

__ 

300 

400 

mV 

13 

Recovered AF Voltage 

v 0 (af) 

14 

4.5 

6 

+25 

T" 

"155" 



"155 - 

T" 

mV 

13 

7.5 

+25 

128 

188 

- 

135 

188 

- 

mV 

10 

+25 

- 

- 

- 

- 

220 

- 

mV 

Amplituae-Modulation 

Rejection 

AMR 

15 

4.5 

7.5 

+25 

- 

50 

- 

- 

50 

- 

dB 

- 

Discriminator 
Output Resistance 

Ro(disc) 

- 

4.5 

7.5 

+25 

- 

60 

- 

- 

60 

- 

n 

- 

Total Harmonic 
Distortion 

THD 

14 

4.5 

7.5 

+25 

- 

1.8 

- 

- 

1.8 

- 

% 

12 


* Total current drain may be determined by dividing PjJjy Vcc- ** Recommended minimum dc supply voltage (Vqc) i# 5.5 V. 

Nominal load current flowing into terminal 5 Ts 1.5 mA at 7.5 V. 


CA3013, CA3014 


VOLTAGE-GAIN TEST SETUP 


+Vcc 



PROCEDURE: 

1) Set input frequency at desired value, v f = 100 /*V rms. 

2) Record v Q . 

3) Calculate Voltage Gain A from A =20 log 10 v 0 /Vj. 

4) Repeat Steps 1, 2, and 3 for each frequency 
and/or temperature desired. 

Fig. 4 


VOLTAGE GAIN y». FREQUENCY 



INPUT-IMPEDANCE COMPONENTS TEST SETUP 

♦'fee 



Fig. 6 



85 










CA3013, CA3014 


NOISE FIGURE TEST SETUP 

♦Vcc 



L-i = 82 /xH, center-tapped 
L2 = 2.36 mH 

Cl, C2 = Arco Type 423 padder, or equivalent 

Fig. 10 


NOISE FIGURE vs. DC SUPPLY VOLTAGE 


OC SUPPLY VOLTS (V 


Fig. 11 


TOTAL HARMONIC DISTORTION vs. DC SUPPLY VOLTAGE 



OC SUPPLY VOLTS (V C C> 

Fig. 12 


INPUT LIMITING VOLTAGE (KNEE) AND RECOVERED AF VOLTAGE 


of 1.75 Me/s 



92C3-IJ793 

(°) 



PROCEDURE: 

A * Recovered-AF Voltage Output: 

1) Set input frequency =4.5 Mc/s, Vj = 100 mV rms, modulating 
frequency = 1 kc/s, frequency deviation = ±25 kc/s. 

2) Record v Q as Recovered-AF Voltage Output. 

B - Input Limiting Voltage (Knee): 

1) Repeat Steps Al and A2, using v ( = 100 mV rms. 

2) Decrease v, to the level at which v Q is 3 dB below its value 
for vj = lOCr mV. 

3) Record v ( as Input Limiting Voltage (Knee). 

INPUT LIMITING VOLTAGE, RECOVERED AF 
VOLTAGE, AND TOTAL HARMONIC 
DISTORTION TEST SETUP 

Fig. 14 


at 4.5 Mc/s 



92CS-I3792 


<b) 

Fig. 13 



PROCEDURE: 

1) With Switch S in position "a", set input frequency =4.5 Mc/s, 
vi = 10 mV rms, modulating frequency = 1 kc/s, frequency 
deviation = ±25 kc/s. 

2) Record v 0 . 

3) Place Switch S in position "b”, and set Input frequency =4.5 
Mc/s, vi = 10 mV rms, modulating frequency = 1 kc/s, 

% modulation =50. 

4) Measure v 0 , and record value in dB below value In Step 2 
as AM Rejection. 


AM-REJECTION TEST SETUP 


Fig. 15 


at 10.7 Mc/s 



92CS- IS79I 


(e) 


DISCRIMINATOR TRANSFORMER SCHEMATIC 



CONSTRUCTION DETAILS OF DISCRIMINATOR 
TRANSFORMERS SHOWN IN FIGS. 2, 14 AND 15 


Coil-Form Outside Diameter =7/32 inch 

Slugs: Radio Industries, Inc. Type M E” Material, or equivalent 

Wire Type: ‘‘GRIPEZE"'*, or equivalent 


Operetinff 

Frequency 

Mc/s 

WheSiaa 

Turn. 

Cl 

PF 

c 2 

pP 

(AWG #) 



4 

1.75 

40 

44 

20 

44 total 
(22 bHHar 
wound) 

820 

<20 

4.5 

36 

II 

7 

22 total 
(UMfilar 
wound) 

560 

330 

10.7 

36 

“IT 

~iT 

18 tatal 
(9 bHHar 
wound) 

100 

100 


• Registered Trade Mark, Phelps-Dodge Copper Products. 


4 wound bif Hat. 

NOTE: The mutual coupling between Li and Lg is adjusted 
for the desired degree of linearity. 

(b) 

Fig. 16 
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CA3018, CA3018A 


General-Purpose 
Transistor Arrays 

TWO ISOLATED TRANSISTORS 
AND A DARLINGTON-CONNECTED 
TRANSISTOR PAIR 

For Low-Power Applications 
at Frequencies from DC 
Through the VHF Range 


The CA3018 and CA3018A consist of four general pur- 
pose silicon n-p-n transistors on a common monolithic 
substrate. 

Two of the four transistors are connected in the 
Darlington, configuration. The substrate is connected 
to a separate terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are 
well suited to a wide variety of applications in low- 
power systems in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits but in addition they provide the advantages 
of close electrical and thermal matching inherent in 
integrated circuit construction. 

The CA3018A is similar to the CA3018 but features 
tighter control of current gain, leakage, and offset 
parameters making it suitable for more critical appli- 
cations requiring premium performance. 

APPLICATIONS 

• General use in signal processing systems in DC 
through VHF range 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 "Application 
of the RCA CA3018 Integrated-Circuit Transistor 
Array" for suggested Applications. 



9ZCS-237T7 


Fig. 3 . Typical Static Forward Current-Transfer 
Ratio and Beta Ratio for Transistors Q, 
and (?2 vs Emitter Current. 
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Fig. 5 - Typical Static Base-to-Emitter Voltage 
Characteristic and Input Offset Voltage for 
Qj and (?2 vs Emitter Current. 


FEATURES 

• Matched monolithic general purpose transistors 

• Hpg matched t 10% 

• V BE matched t 2 mV CA3018A (t 5mV CA3018) 

• Operation from DC to 120 MHz 
e Wide operating current range 

• CA3018A performance characteristics controlled 
from 10 p A to 10mA 

• Low noise figure - - 3.2 dB typical at lKHz 

• Full military temperature range capability 
(-55 to * 125°C) 

• The CA3018 is available in a sealed-junction 
Beam Lead version (CA3018L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• Supplied in the hermetic 12-lead TO-5 
style package. 

Maximum Ratings, Absolute-Maximum Values, at TA»25°C 

Power Di.slp.tlon, P: CA3018 CA3018A 

Any one transistor 300 300 mW 

Total package 450 450 mW 

Derate at 5 mW/°C for T A >85°C 
Temperature Range: 

Operating -55 to + 125 -55 to + 125°C 

Stora ee to + 150 -65 to + 15<> 0 C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 t 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


The following ratings apply for each transistor In the device: 

CA3018 CA3018A 

Collector-t o-Emitter Voltage, v CEO -15 15 V 

Collector-to-Base Voltage, V CBQ ..20 30 V 

Collector-to-Substrate Voltage, V CIQ * 20 40 V 

Emitter-to-Base Voltage, V EBQ ... 5 5 V 

Collector Current, I r 50 50 mA 


•The collector of each translator of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate ( terminal 10) must be connected to the most neg- 
ative point in the external circuit to maintain isolation be- 
tween transistors and to provide for normal transistor action. 



Fig. 4 . Typical Static Forward Current - Transfer Ratio 
for Darlington-connected Transistors Qj 
and Q 4 vs Emitter Current. 



92CS-23TSO 

Fig. 6- Typical Base-To-Emitter Voltage Characteristic 
for Each Transistor vs Ambient Temperature 



92C3-I4244RI 

Fig. 1 • Schematic Diagram for CA3018 and CA3018A 


STATIC CHARACTERISTICS 



Fig. 2 - Typical Collector-To-Base Cutoff Current vs 
Ambient Temperature for Each Transistor. 



AMBIENT TEMPERATURE (T A ) — *C 

92CS-237TS 

Fig. 7 - Typical Collector-To-Emmiter Cutoff Current vs 
Ambient Temperature for Each Transistor. 
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CA3018, CA3018A 


Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 


ELECTRICAL 
CHARACTERISTICS 
at T a - 25°C 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3018 

LIMITS 

CA3018A 

LIMITS 

Units 

CHARAC- 

TERISTICS 

CURVES 

Min. | Typ. j Max. 

Min. | Typ. | Max. 



STATIC CHARACTERISTICS * ! 

Collector-Cutoff Current 

'CBO 

v CB =iov.i E =o 

- 

0.002 

100 

- 

0.002 

40 

nA 

2 

Collector-Cutoff Current 

'CEO 

VceJOVJb^ 

- 

See Curve 

5 

- 

See Curve 

0.5 

mA 

7 

Collector-Cutoff Current 
Darlington Pair 

'CEOD 

v CE =tov,i B -o 

- 

- 

- 

- 

- 

5 

mA 

- 

Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 

l c =lmA.l B =0 

15 

24 

- 

15 

24 

- 

V 

- 

Collector-to-Base 
Breakdown Voltage 

V (BR)CBO 

l c =lC|aA.I E =0 

20 

60 

- 

30 

60 

- 

V 

- 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EBO 

I e =1QuA,I c =0 

5 

7 

- 

5 

7 

- 

V 

- 

Col lector -to-Substrate 
Breakdown Voltage 

V (BR)CIO 

l c =10Mk,l C l=° 

20 

60 


40 

60 

- 

V 

- 

Collector-to-Emitter 
Saturation Voltage 

V CES 

i B =lmA.l c -10mA 

- 

0.23 

- 

- 

0.23 

0.5 

V 

- 

Static Forward Current 
Transfer Ratio 

h FE 

f l c =10mA 
V CE =3V. { l c , 1mA 
I I C =1M 

30 

100 

100 

54 

200 

50 

60 

30 

100 

100 

54 

200 

: 

3 

Magnitude of Static-Beta Ratio 
(Isolated Transistors Qj and Q z ) 


v CE s3V,, Cr l C2 ::lmA 

0.9 

0.97 

- 

0.9 

0.97 

- 

- 

3 

Static Forward Current Transfer 
Ratio Darlington Pair 

(Q 3 &Q 4 ) 

h FEO 

Vpc=3V / Jc = 

CE ( l c =10QuA 

1500 

5400 

-- 

2000 

1000 

5400 

2800 

: 

- 

4 

Base-to-Emitter Voltage 

V BE 

V«r*3V lF = ^ mA 
CE l E =10mA 

- 

0.715 

0.800 

" 

0.600 

0.715 

0.800 

0.800 

0.900 

V 

5 

Input Offset Voltage 

V BE, 

* v be 2 

V CE =3V.I E =lmA 

- 

0.48 

5 

- 

0.48 

2 

mV 

5,8 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Ql.Q2 

I av beI 

AT 

V CE =3V * l E* lmA 

- 

•1.9 

- 

- 

1.9 

- 


6 

Base (QjHo-Emitter (Q 4 ) 
Voltage-Darlington Pair 

SB 

V CE =3V , E =1 ° [nA 

^ l E = 1mA 


1.46 

1.32 

: 

1.10 

1.46 

1.32 

1.60 

1.50 

V 

9 

Temperature Coefficient: 
Base-to-Emitter Voltage 
Darlington Pair-Q 3 ,Q 4 

I av bedI 

AT 

Vce-We-U* 

- 

4.4 

- 


4.4 

- 

mv/ 0 

1° 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

P'bEj'Vb^I 

V cc =76V,V ee= -6V, 

ICi=IC2 =lmA 

- 

10 

- 

- 

10 

- 


- 

AT 


COLLECTOR -TO- EMITTER VOLTAGE (Vce)*3V 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T*)— *C 

- 92CS-2378I 


Fig.8 - Typical Offset Voltage Characteristic vs 
Ambient Temperature 



Fig. 9 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and Q 4 ) vs 
Emitter Current 



Fig. 10 - Typical Static Input Voltage Characteristic for 
Darlington Pair ( Q j and Qj) vs 
Ambient Temperature. 



Fig. 11(a) - Noise Figure vs Collector Current , 
R s = 500 a. 




92CS-23786 

Fig.H(c) * Noise Figure vs Collector Current, 

r s = io k a 
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CA3018, CA3018A 



Admittance Characteristics: 

Forward Transfer Admittance Yfe 

Input Admittance Yj e 

Output Admittance Ygg 

Reverse Transfer Admittance Yie 

Gain-Bandwidth Product f j 

Emitter-to-Base Capacitance Ccr 


Collector-to-Base Capacitance ^qq 
C ollector-to-Substrate Capacitance Cqj 


| COMMON-EMITTER CIRC 

UlT, BASE INPUT ' 


“ 



COLLECTOR- 

TO-EMITTER VOLTAGE (Vce) 

•3 V 





COLLECTOR 

CURRENT 

Ict'lmA 






» 40 
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Fig. 13 - Forward Transfer Admittance (Yf e ) 


Fig.] 4 - Input Admittance (Y; 9 ) 


Fig. 15 - Output Admittance (Y ) 


92CS- 29791 

Fig. 16 - Reverse Transfer Admittance (Y re ) 


COLLECTOR CURRENT (let — mA , 


Fig. 17 - Typical Gain-Bandwidth Product (fj) vs 
Collector Current 






CA3019 


Ultra-Fast Low-Capacitance 
Matched Diodes 


For Applications in Communications 
and Switching Systems 

The RCA-CA3019 consists of six ultra-fast, 
low capacitance diodes on a common mono- 
lithic substrate. Integrated circuit construc- 
tion assures excellent static and dynamic 
matching of the diodes, making the array ex- 
tremely useful for a wide variety of appli- 
cations in communication and switching 
systems. 

Four of the diodes are internally connected 
as a “quad" and two are independently ac- 
cessible. The substrate is internally connected 
to the 10-lead TO-5-style case. 

For applications such as balanced modulators 
or ring modulators where capacitive balance 
is important, the substrate should be returned 
to a DC potential which is significantly more 
negative (with respect to the active diodes) 
than the peak signal applied. 



Fig. 1 — Schematic Diagram. 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 
Characteristics Apply for Each Diode Unit, Unless Otherwise Specified 


CHARACTERISTICS 

SPECIAL TEST CONDITIONS 

LIMITS 
TYPE CA3019 

Units 

Min. 

Typ. 

Max. 

DC Forward Voltage Drop 

DC Forward Current (Ip) = 1 mA 

- 

0.73 


D 

DC Reverse Breakdown Voltage 

DC Reverse Current (1 p) = -10 jiA 

4 

6 

sa 

B 

DC Reverse Breakdown Voltage 
Between any Diode Unit and 
Substrate 

DC Reverse Current (lp)= -10/iA 

25 

80 

■ 


DC Reverse (Leakage) Current 

DC Reverse Voltage (Vp) =— 4 V 

- 

0.0055 

E3 


DC Reverse (Leakage) Current 
Between any Diode Unit and 
Substrate 

DC Reverse Voltage (Vp) = -4 V 

I 

0.010 

10 

HA 

Magnitude of Diode Offset 
Voltage (Difference in DC 
Forward Voltage Drops of 
any Two Diode Units) 

DC Forward Current (lp)= 1 mA 

1 

■ 

5 

mV 

Single Diode Capacitance 

Frequency (f) = 1 MHz 
DC Reverse Voltage (Vp) = -2V 


1.8 

- 

PF 

Diode Quad-to-Substrate 
Capacitance 

Frequency (f) = 1 MHz 
DC Reverse Voltage (Vp) 
between Terminal 2,5,6, or 8 of 
Diode Quad and Terminal 7 
(Substrate) = -2 V 

1 

1 

1 

1 

Terminal 2 or 6 to Terminal 7 

- 

■a 


■a 


Terminal 5 or 8 to Terminal 7 

- 

mm 

HU 

■a 

Series Gate Switching 
Pedestal Voltage 


- 

10 

- 

mV 


Features: 

■ Excellent Diode Match 

■ Low Leakage Current 

■ Low Pedestal Voltage when Gating 

■ Companion Application Note, I CAN-5299: 
“Application of the RCA-CA3019 Inte- 
grated-Circuit Diode Array" 

Applications: 

■ Modulator ■ Analog Switch 

■ Mixer ■ Diode Gate for 

■ Balanced Modulator Chopper-Modulator 

Applications 


Absolute-Maximum Ratings: 


DISSIPATION: 



Any one diode unit . 

20 max. 

mW 

Total for device . 
TEMPERATURE RANGE: 

. 120 max. 

mW 

Storage ..... 

. -65 to +200 

°C 

Operating .... 

. -55 to +125 

°c 

DC Forward Current, Ip . 
Peak Recurrent Forward 

25 

mA 

Current, If .... 
Peak Forward Surge 

100 

mA 

Current, If (surge) . 
VOLTAGE: See Table 

100 

mA 


Absolute-Maximum Voltage Limits: 


TERM. 

VOLTAGE 

LIMITS 

CONDITIONS 


BBS 

TERM. 

VOLT. 

■B 

-3 


7 

-6 

2 

El 

BTI 

7 

mm\ 

3 

-3 

WU 

7 

Ea 

4 

-3 

wm 

7 

-6 

5 

-3 


7 

-6 

6 

-3 

E3 

7 

-6 

■ 

-18 

0 

m 

0 

8 

eh 


7 

-6 

9 

-3 

BE 

7 

-6 

10 

NO CONNECTION 

CASE 

INTERNALLY CONNECTED 
TO TERMINAL 7 
DO NOT GROUND 
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CA3019 



AMBIENT TEMPERATURE (T*)— «C AMBIENT TEMPERATURE <T A ) — *C 

92CS-W23I 

Fig. 2- DC forward voltage drop (any diode) as Fi 9- 3 - Reverse ( leakage ) current (any diode) 

a function of temperature. as a function of temperature. 



0 12 3 


DC REVERSE VOLTS (Vr> ACROSS DIODE 92CS-I42S2 

Fig. 4 - Diode capacitance (any diode) as a function 
of reverse voltage. 



AND SUBSTRATE (TERMINAL 7> 9 * 3 - 142*9 

Fig. 5 — Diode quad-to-substrate capacitance as a 
function of reverse voltage. 



Fig. 6 — Diode quad-to-substrate capacitance as a 
function of reverse voltage. 


+ 6 v 



Fig. 7 — Series gate switching test setup. 
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CA3020, CA3020A 


Multi-Purpose Wideband 
Power Amplifiers 

The RCA-CA3020 and CA3020A are Integrated-Circuit, 

Multistage, Multipurpose, Wide-Band Power Amplifiers 
on a single monolithic silicon chip. They employ a 
highly versatile and stable direct-coupled circuit con- 
figuration featuring wide frequency range, high voltage 
and power gain, and high power output. These features 
plus inherent stability over a wide temperature range 
make the CA3020 and CA3020A extremely useful for a 
wide variety of applications in military, industrial, and 
commercial equipment. 


Forjitary, Industrial, 
and Commercial Equipment 
at Freauencies up to 8 MHz 

The CA3020 and CA3020A are particularly suited for 
service as Class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from a 
12-volt DC supply with a typical power gain of 75 dB. 
The CA3020 provides 0.5 watt power output from a 
9-volt supply with the same power gain. 

These types are supplied in hermetically sealed, TO-5 
style 12-lead packages. 


ABSOLUTE-MAXIMUM RATINGS: 


DISSIPATION: 

WITHOUT HEAT SINK 

WITH HEAT SINK 

At T a = 25°C 

Above T a = 25°C 


At T c = 25°C 2 W 

At T c = 25°C to T c = 55 °C 2 W 

Above T^. = 55°C . . derate linearly 16. 7mW/°C 


TEMPERATURE RANGE: 

Operating -55°C to +125°C 

Storage -65°C to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


SCHEMATIC DIAGRAM FOR CA3020 AND CA3020A 



The resistance values included on the schematic dia- 
gram have been supplied as a convenience to assist 
Equipment Manulacturers in optimizing the selection 
of "outboard” components of equipment designs. The 
values shown may vary as much as ± 30%. 

RCA reserves the right to make any changes in the Re- 
sistance Values provided such changes do not ad- 
versely affect the published performance characteris- 
tics of the device. 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts. 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 


• 

* 

* 

* 

* 

* 

• 

* 0 

-10/-12 

+3 

Note 1 


+10 

0 

2 



* 

‘ 

* 

• 

* 

* 

* 



+2 

-2 

3 




* 

* 

* 

* 

* 

* 



+2 

-2 

4 





4 

+18/+25 

0 

* 

* 

• 

• 



4 

+18/+25 

0 

5 






* 

• 

• 

* 



+3 

Note 2 

6 







4 

0 

-18A25 

* 

* 



+3 

Note 2 

7 








* 

• 



4 

+18/+25 

0 

8 









Note 3 



Note 3 
0 

9 










♦10 

0 

Note 1 
0 

+10/+12 

10 











* 

+10 

0 

11 












* 

12 












REF. 

SUB- 

STRATE 


MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

!|N 

mA 

St 

mA 

1 


20 

2 - 



3 



4 

300 


5 


300 

6 


300 

7 

300 


8 



9 

20 


10 

1 


11 

20 


12 




Note 1: This voltage is established by the maximum current 
rating. 

Note 2: The emitters of Qg and Q7 may be returned to a nega- 
tive voltage supply through emitter resistors. Current 
into terminal No.9 should not be exceeded and the 
total device dissipation should not be exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

A Higher value is for CA3020A. 


Note 3: Terminal No. 8 may be connected to terminals Nos.9, 
11. or 12. 


FEATURES 

• High power output - class B amplifier — 

CA3020 0.5 watt typ. at = + 9V 

CA3020A ... 1.0 watt typ. at V cc = + 12V 

• Wide frequency range — 

Up to 8 MHZ with resistive loads 

• High power gain 75db typ. 

• Single power supply For class B operation 
with transformer — 

CA3020 3 to 9V 

CA3020A 3 to 12V 

• Built-in temperature-tracking voltage 
regulator provides stable operation over 
-55°C to +125°C temperature range 

APPLICATIONS 

• AF power amplifiers for portable and fixed sound and 

communications systems 

• Servo-control amplifiers 

• Wide-band linear mixers 

• Video power amplifiers 

• Transmission-line driver amplifiers (balanced and 

unbalanced ) 

• Fan-in and fan-out amplifiers for computer logic 

circuits 

• Lamp- control amplifiers 

• Motor-control amplifiers 

• Power multivibrator 

• Power switches 

• Companion Application Note, ICAN 5764 "Application 
of CA3020 and CA3020A Integrated Circuit Multi- 
purpose Wide-Band Power Amplifiers"! 
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ELECTRICAL CHARACTERISTICS AT T A ~ 25 °C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 1 

LIMITS 
CA3 020 

LIMITS 

CA3020A 

UNITS 

CIRCUIT 

AND 

PROCEDURE 

DC 

SUPPLY 

VOLTAGE 

FIG. 

V CC1 

V CC 2 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Collecta-to-Emitter 
Breakdown Voltage, Qg & Q 7 
at 10 mA 

V (BR)CER 

2 a 



18 



25 



V 

Collectoc-to-Emitter 
Breakdown Voltage, Qj 
at 0.1 mA 

V (BR)CE0 




10 



10 



V 

Idle Currents, Qg & Q 7 

l 4 IDLE 
l 7 IDLE 

4 

9.0 

2.0 


5.5 



5.5 


mA 

Peak Output Currents, 

Qs&Q? 

i 4 pk 

i 7 pk 

4 

9.0 

2.0 

140 



180 



mA 

Cutoff Currents, 
Q 6 & Q 7 

l 4 CUTOFF 
l 7 CUTOFF 

4 

9.0 

2.0 



1.0 



1.0 

mA 

Differetial Amplifier 
Current Drain 

icci 

4 

9.0 

9.0 

6.3 

9.4 

12.5 

6.3 

9.4 

12.5 

mA 

Total Current Drain 

ICC1 + 
'CC2 

4 

9.0 

9.0 

8.0 

21.5 

35.0 

14.0 

21.5 

30.0 

mA 

Differential Amplifier 
Input Terminal Voltages 

V 2 

V3 

4 

9.0 

2.0 


1.11 



1.11 


V 

Regulator Terminal Voltage 

Vll 

4 

9.0 

2.0 


2.35 



2.35 


V 

Q, Cutoff (Leakage) Currents: 
Collector-to-Emitter 

'CEO 


10.0 


. 

. 

100 


- 

100 

m a 

Emitter-to-Base 

•ebo 


3.0 


- 

- 

0.1 

- 

- 

0.1 

Col lector-to* Base 

•CBO 


3.0 



- 

0.1 

- 

- 

0.1 

Forward Current Transfer 
Ratio, Qi at 3 mA 

h FEl 


6.0 


30 

75 


30 

75 



Bandwidth at -3 dB Point 

BW 


6.0 

6.0 


8 



8 


MHz 

Maximum Power Output 

p 0(MAX) 

6 

6.0 

6.0 

200 

300 a 


200 

300 a 


mW 

9.0 

9.0 

400 

550 a 

- 

400 

550 3 


9.0 

12.0 




800 

1000 b 


Sensitivity for P 0l) j =400 mW 

e IN 

6 

9.0 

9.0 


35 a 

55 




mV 

Sensitivity for Pqut = 800 mW 

e IN 

6 

9.0 

12.0 





50 b 

100 

mV 

Input Resistance — 
Terminal 3 to Ground 

r IN3 

9 

6.0 

6.0 


1000 



1000 


n 

Junction-to-Case 
Thermal Resistance 

^J-C 

- 

- 

- 



60 



60 

°c/w 


CA3020, CA3020A 



92CS- 19839 


a. Collactor-to-aminar breakdown voltage (Qg & Q 7 ) circuit 



b. Typical audio amplifier circuit utilizing me CA3020 or 
CA3020A as an audio preamplifier and class B power • 
amplifier 


Fig. 2 


TYPICAL TRANSFER CHARACTERISTICS 


a R C c = 130 H 
b R cc = 200 n 


TYPICAL PERFORMANCE DATA 

An External Radiator is Recommended for High Ambient Temperature Operation 


CHARACTERISTICS 

SYMBOLS 

CA3020 

CA3020A 

UNITS 

Power Supply Voltage 

V CC! 

9.0 

9.0 

V 

V CC 2 

9.0 

12.0 

Diff. Ampl. 

'cci 

15 

15 

mA 

Output Ampl. 

‘CC2 

24 

24 

. Diff- Ampl. 

'cci 

16 

16.6 

mA 

Output Ampl. 

'CC2 

125 

140 

Maximum Power Output at THD = 10% 

Po 

550 

1000 

mW 

Sensitivity 

e IN 

35 

45 

mV 

Power Gain 

G p 

75 

75 

dB 

Input Resistance 

Rin 

55 

55 

kn 

Efficiency 

V 

45 

55 

% 

Signal-to-Noise Ratio 

S/N 

70 

66 

dB 

THD at 150 mW level 


3.1 

3.3 

% 

Test Signal Frequency from 600fi Generator 


1000 

1000 

Hz 

Equivalent Collector-to-Collector Load Resistance 

R CC 

130 

200 

n 




DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23I 92CS-I3226 
b. Characteristics with Rjq shorted out 


Fig. 3 
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CA3020, CA3020A 


STATIC CURRENT AND VOLTAGE TEST CIRCUIT 

VCC| VCC2 



CURRENTS OR 
VOLTAGES 

SI 

$2 

'4-IDLE 

open 

open 

'7-IDLE 

open 

open 

'4-PEAK 

open 

close 

'7-PEAK 

close 

open 

'4-CUTOFF 

close 

open 

' 7-CUTOFF 

open 

close 


Fig.4 


CURRENTS OR 
VOLTAGES 

SI 

S2 

'cci 

open 

open 

'CC2 

open 

open 

V 2. 

open 

open 

V 3 

open 

open 

V 11 

open 

open 


MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 



PROCEDURES: 

1. Apply desired value of V cc and Vqq 

2. Apply 1 kHz input signal and adjust f<?r e.„ = 

5 mV (rms) 

3. Record the resulting value of e_ ?T _ in dB 

(reference value) 1 

4. Vary input-signal frequency, keeping e.„ constant at 
5 mV, and record frequencies above anff^below 1 kHz 
at which e QUT de creases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB 
points. 

Fig.5 


MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, 

MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 

Maximum-Signal DC Current Drain, Maximum Power 
Output, Circuit Efficiency, Sensitivity, and Transducer 
Power Gain 

1. Apply desired value of V cc and V cc and adjust 
e IN to the value at which the 1 Total Harmonic Distor- 
tion in the output of the amplifier = 10% 

2. Record resulting value of I cc and I cc in mA as 

Maximum-Signal DC Current Drain ^ 

3. Determine resulting amplifier power output in watts 
and record as Maximum Power Output (PquT^ 

4. Calculate Circuit Efficiency (rf) in % as follows: 



7] = 100 - 


*OUT 


cc/cc 


+V. 


cc 9 *cc 9 


PROCEDURES: 

Zero-Signal DC Current Drair 


. Record resulting values of I. 
as Zero-Signal DC Current Drain; 


where PquT is in watts > V CC and V CC are in 
volts, and 1^^ and are 1 in ampere^. 

5. Record value o^e^ in m V* (rms) required in Step 1 
as Sensitivity (e^j) 

6. Calculate Transducer Power Gain (G p ) in dB as 
r OUT 


follows: 


G = 10 log. 


: 10 “ 


r IN 


where P—. (in mW) = _ 



a. Test Setup 



DIFFERENTIAL AMPLIFIER INPUTMILLIV0LTS(V23) 92CS-I5225 
b. Characteristics with Rjq in circuit 

Fig. 7 


ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 




DIFFERENTIAL AMPLIFIER SUPPLY VOLTS <V CCi ) 92CS-I3229 
b. Differential Amplifier Characteristics 

Fig. 8 



c. Output Amplifier Characteristics 
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CA3020, CA3020A 


MEASUREMENT 

♦Vcci +VCC2 



92CS-I45474I 


! INPUT RESISTANCE 
PROCEDURES: 

Input Resistance Termlnol 10 to Ground ( R )N ) 

1. Apply desired value of V_~ and V nr , and se\°S In 

Position 1 CC 1 CC 2 

2. Adjust 1-lcHz input for desired signal level of mea- 
aurement 

3. Adjust R for e 2 = e./2 

4. Record resulting value of R as R IXI 

IN 10 

Input Resistance Terminal 3 to Ground (R|^ ) 

1. Apply desired value of V~ r and S in 

Position 2 CC 1 cc 2 

2. Adjust 1-kHz input for desired signal level of mea- 
surement 

3. Adjust R for e 2 = ej/2 

4. Record resulting value of R as R TM 

in 3 

: ig.9 


MEASUREMENT OF SIGNAL-TO-NOISE RATIO 
AND TOTAL HARMONIC DISTORTION 



PROCEDURES. 

Slgnal-to-Nolse Ratio 

1. Close Sj and S 3 ; open S 2 

2. Apply desired values of V cc and V cc 

3. Adjust e IN for an amplifier 1 output o? 150mW and 

record resulting value of Eq ut in dB as e OUT 
(reference value) 1 

4. Open end record resulting value of in dB as 

®OUT- 

* ®OUT. 

5. Signal-to-Noise Ratio (S/N) = 201og 1Q i . 

®° UT 2 

Total Harmonic Distortion 

1. Close Sj and S 2 ; open S 3 

2. Apply desired values of V cc and V cc 

3. Adjust e^ for desired level <?kaplifier od\put power 

4. Record Total Harmonic Distortion (THD) in 7. 

Fig. 10 



ZERO SIGNAL AMPLIFIER CURRENT 
vs AMBIENT TEMPERATURE 



a. Test Setup 



b. Differential Amplifier Characteristics c. Output Amplifier Characteristics 


Fig. 12 
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CA3021, CA2022, CA2023 

Low-Power Video and Wideband Amplifiers 

RCA-CA3021, CA3022, and CA3023 are low-power integrated-circuit wideband 
amplifiers with a wide range of applications in industrial, military, and commercial 
communications equipment. Each consists of a multistage amplifier circuit and un- 
connected diodes on a single chip, hermetically sealed in a 12-lead TO-5 style 
package. The diodes may be connected to provide limiting in FM applications. 

The CA3021, CA3022, and CA3023 have the same maximum ratings, and differ 
principally in dissipation (dc power requirements) and bandwidth capability. All 
three devices are designed for operation over the temperature range from -55° C to 
+125° C. 


APPLICATIONS 

• Gain-Controlled Linear Amplifiers 

• AM/FM IF Amplifiers • Video Amplifiers • Limiters 
SCHEMATIC DIAGRAM FOR CA3021, CA3022, AND CA3023 


ABSOLUTE-MAXIMUM RATINGS: 

OPERATING-TEMPERATURE RANGE -55°C to+l25°C 
STORAGE-TEMPERATURE RANGE -65°C to +I50°C 
LEAD TEMPERATURE (During Soldering): 

At distance I /I6 ± 1/32 inch ( 1 .5 l ) ± 0.7‘>nitn) 

from case for 10 seconds max. +265°C 

DEVICE DISSIPATION. P T 120 max. mW 

INPUT-SIGNAL VOLTAGE -3. +3 max. V 

DC VOLTAGES AND CURRENTS .... See Table Below 


HIGHLIGHTS 


• Low DC Power Drain: 

( CA3021 = 4 mW typ. 

P D < CA3022 = 12.5 mW typ. 
(CA3023 = 35 mW typ. 


( ot V CC 

( 


• Excellent frequency response: 
-3dB ( CA3021 = 2.4 MHz typ. 
Bw < CA3022 = 7.5 MHz typ. 
( CA3023 = 16 MHz typ. 


• High Voltage Gain: 

(CA3021 =56 dB typ. at 0.5 MHz 
A < CA3022 = 57 dB typ. at 2.5 MHz 
( CA3023 = 53 dB typ. at 5 MHz 


• Wide AGC Range: 33 dB typ. 


• Only one power supply (4.5 to 12 V) required 

• Hermetically Sealed 12-Lead T0-5-style package 

• Operation from -55° C to + 125^ C 



VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

1 

-3V 

+3V 

l 

Connected to 
Voltage 
Source 

through lOOi) 
Resistor 

5 

+12V 

10, 11, 12 

Ground 

2 

-3V 

+12V 

5 

+12V 

10, 11, 12 

Ground 

3 

ov 

+12V 

5 

+12V 

10, 11, 12 

Ground 

4 

-12 V 
10 mai 

+12V 
(. mA 

6, 11 

Ground 

5 

OV 

j +18V 

10, 11. 12 

Ground 

6 

-12 V I +12V 

10 max. mA 

5, 11 

Ground 



VOLTAGE OR 
CURRENT LIMITS 

CIRCUIT CONDITIONS 

TERMINAL 

NEGATIVE 

POSITIVE 

TERMINAL 

CONDITIONS 

7 

OV 

+12V 

5 

+12V 

10, 11, 12 

Ground 

8 

20 max. mA 

5 

+12V 

10, 11, 12 

Ground 

9 

-0.5 V 

+3V 

5 

+12V 

10, 11, 12 

Ground 

10 

OV 

+4V 

2,5 

+12V 

11 

Ground 

11 

-6V 

+12V 

2 

Ground 

5 

+12V 

12 

OV 

+4V 

2,5 

+12V 

11 

Ground 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3022 



DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3023 



92CS-I4389 

Fig. 3(c) 


© — w — © 

02 



TEST SETUP FOR MEASUREMENT OF DEVICE DISSIPATION 
AND QUIESCENT OUTPUT VOLTAGE 



P T “ V CC 1*) 

Fig. 2 


DEVICE DISSIPATION VS DC SUPPLY VOLTAGE 
FOR CA3021 



9ZCS-I4396 


Fig. 3(a) 


DEVICE DISSIPATION VS TEMPERATURE FOR 
CA3021, CA3022, AND CA3023 



Fig. 3(d) 
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ELECTRICAL CHARACTERISTICS, at = 25° C, Vqq = +6V, unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

1 TEST CONDITIONS 

| LIMjTS 

UNITS 

TYPICAL 

CHARAC- 

TERISTIC 

CURVE 

TEST SETUP 
AND 

PROCEDURE 

FEEDBACK 
RESISTANCE 
(R/j) BETWEEN FRE ' 
TERMINALS Q UENCY 
3 AND 7 f 

■ 

CA3021 

(TA5219) 

• 

CA3022 

(TA5236) 

CA3023 

(TA5218) 



Fig. 

n MHz 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Fi ? . 

Device 


CO 

1 

4 

8 

_ 

_ 

_ 

_ 

_ 

_ 

mW 

3a.d 

Dissipation 

?T 

2 co 

- 

- 

- 

5 

12.5 

24 

- 

- 

- 

mW 

3b, d 



00 

- 

- 

- 

- 

- 

- 

24 

35 

48 

mW 

3c, d 

Quiescent 


39k 

- 

2.2 

- 

- 

- 

- 

- 

- 

- 

V 


Output 

Vo 

2 10k 

- 

_ 

_ 

_ 

1.9 

_ 

_ 

_ 

_ 

V 

_ 

Voltage 


4.7k 

- 

- 

- 

_ 

- 

_ 

- 

1.3 

_ 

V 


AGC Source 
Current 

'agc 

« V AGC =«V 

- 

0.8 

- 

- 

0.8 

- 

- 

0.8 

- 

mA 

- 


CA3021, CA3022, CA3023 

TEST SETUP FOR MEASUREMENT OF AGC 
SOURCE CURRENT 



A 

5 

560k 

0.5 

39k 

0.8 

39k 

2.5 

10k 

3 


18k 

5 

4.7k 

10 




39k 

- 


BW 

5 

10k 

- 




4.7k 

- 




39k 

1 

Input 

Resistance 

r in 

7 

10k 

5. 




4.7k 

10 

Input 



' 39k 

l 

Capaci- 

c, N 

7 

10k 

5 

tance 



4.7k 

10 




39k 

1 


r out 

8 , 

10k 

5 




4.7k 

10 




39k 

1 


NF 

9 

10k 

1 




4.7k 

1 


- 50 57_ 

- 40 44 


J50 53 - 

40 44 - 


1 - 4.2 8.5 


dB 6a 
~di 6a, d 


dB 6b, d 

dB 6c 




'AGC ,S THE current FLOWING INTO TERMINAL 2. 
Flg.4 


TEST SETUP FOR MEASUREMENTS OF VOLTAGE-GAIN, -3dB 
BANDWIDTH, AND MAXIMUM OUTPUT VOLTAGE 


OUT TYPE 9IA 
I OR 

I equivalent! 


PROCEDURES 
Voltage Gain: 

(a) Set ej n = 0.5 mVat frequency specified, read e ou t Voltage Gain 
(A) = 20 Log 10 
Bandwidth: ^in 

(a) Set e ou t to a convenient reference voltage at f = 100 kHz and 
record corresponding value of ejn. 


VOLTAGE GAIN VS FREQUENCY FOR CA3021 

AMBIENT TEMPERATURE <T a )* 23*C FEEDBACK RESISTANCE (Rfl) 

DC SUPPLY VOLTS (V C c) ■ +6 CONNECTED BETWEEN TERM- 

TERMINALS No. 10, 1 1, ANO 12 CONNEC- INALS No. 3 AND 7 

TED TO GROUND 


Maximum 
Output Voltage 
(RMS Value) 


- FEEDBACK RESISTAN CE (R 



VOLTAGE GAIN VS FREQUENCY FOR CA3022 


AMBIENT TEMPERATURE (Ta)* 2S*C 
DC SUPPLY VOLTS <VcC>* +6 
TERMINALS No.IO,II,ANOI2CONNEC- 
TEO TO GROUND , , , , 


FEEOBACK RESISTANCE (Rfl) 
CONNECTED BETWEEN TERM- 
INALS No. 3 ANO 7 


FEEDBACK RESI STANCE ( Rj fa 


L 




: 


t 




r 








KJ 







o n 






VfiJ 
























- \ 

























z 




FREQUENCYU ) — I 
Fig. 6(b) 


VOLTAGE GAIN VS FREQUENCY FOR CA30 23 

AMBIENT TEMPERATURE (T A ) • 25*C FEEDBACK RESISTANCE (Rfl) 

DC SUPPLY VOLTS (V CC ) ■ + 6 CONNECTED BETWEEN TERM- 

TERMINALS No. 10, 1 1, AND 12 CONNEC- INALS No 3 ANO 7 

TED TO OROUNO 





VOLTAGE GAIN VS TEMPERATURE FOR CA3021, 
CA3022, AND CA3023 

OC SUPPLY VOLTS (Vcc)' + 6 I Rfl I r 

TERMINALS No.lO, 1 1, AND 12 CONNECTED TYPE Kfl MHz 

TO GROUND CA302I 39 I 

FEEDBACK RESISTANCE (Rfl: CONNECTED CA3Q22 IQ 5 

BETWEEN TERMINALS No. 3 AND No.7 CA3023 4.7 10 
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CA3021, CA3022, CA3023 


TEST SETUP FOR MEASUREMENT OF INPUT- 


TEST SETUP FOR MEASUREMENT OF OUTPUT TEST SETUP FOR MEASUREMENT OF NOISE FICURE 


IMPEDANCE COMPONENTS 



♦ e in Z 10 mV 

Fig-7 



TEST SETUP FOR MEASUREMENT OF ACC RANGE 



CA3021 - R /3 = 39 kH 
CA3022 - = 10 kft 

CA3023 - R /3 = 4.7 kfi 



A WITH S IN POSITION 1 

AGO RANGE = 20 LOG 10 

A WITH S IN POSITION 2 
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CA3026, CA3054 


Dual Independent For Low-Power Applications 

Differential Amplifiers at Frequencies from DC 


The CA3026 and CA3054 each consists of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
n-p-n transistors which comprise the amplifiers are 
general purpose devices which exhibit low 1/f noise and 
a value of fp in excess of 300 MHz. These features 
make theCA3026andCA3054 useful from dc to 120 MHz. 
Bias and load resistors have been omitted to provide 
maximum application flexibility. 

The monolithic construction of the CA302G and CA3054 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual channel applications where matched per- 
formance of the two channels is required. 


to 120 MHz 

applications 

• Dual seme amplifiers 

• Dual Schmitt triggers 

• Multifunction combinations -• RF Mixer, Oscillator; 

Converter, IF 

• IF amplifiers (differential and or cascode) 

• Product detectors 

• Doubly bolanced modulotors ond demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push-pull) cascode amplifiers 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT T A = 25 °C 


FEATURES 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Maximum input offset voltage — 15 mV 

• Full military temperature range capability — -55°C to 

+125°C 

• Limited temperature range — 0°C to 85°C for CA3054 

9 The CA3054 is available in a sealed-junction 
Beam-Lead version (CA3054L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

• CA3026— Hermetic 12-lead TO-5 package 
9 CA3054— 14-lead dual-in-line plastic package 



Fig. Jo - Schematic Diagram for CA3026. 


Power Dissipation, P: CA3026 CA3054 

Ajy one transistor 300 .... 300 

Total package 600 .... 750 

For T a > 55 °C .... Derate at 5 ... . 6.67 

Temperature Range: 

Operating -55 to + 125 

Storage -65 to + 150 


mW 

mW 

mW/°C 

°C 

°C 


Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 °C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V CEO 15 V 

Collector-to-Base Voltage, V CBO 20 V 

Collector-to-Substrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, V EB q 5 V 

Collector Current, I c 50 mA 


* The collector of each transistor of the CA3026 and CA3054 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and provide 


for normal transistor action. The substrate should be maintained at 
signal (AC) ground by means of a suitable grounding capacitor, to avoid 
undesired coupling between transistors. 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 1^ and horizontal terminal 3^ is +15 to -5 
volts. 

t For CA3026; corresponding terminals for CA3054 are vertical 
terminal 2 and horizontal terminal 4. 


CA3054 — ► 

TERMINAL No. 

13 

14 

1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

5 

1 

CA3026r-*- 

terminal 

NO. 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

Note 1 
9 

Note 1 
9 

13 

T 

10 


0 

•20 

* 

+5 

•5 

* 

+15 

-5 

* 

* 


* 


* 

* 

14 

u 



* 

* 

* 

+20 

0 

* 

* 


* 


* 

+20 

0 

1 

12 




+20 

0 

* 

+20 

0 

* 

* 


* 


* 

+20 

0 

2 

1 





* 

+15 

-5 

* 

* 


* 


* 


3 

2 






+1 

-5 

* 

* 


* 


* 

* 

4 

3 







j; 

j; 


* 


* 

* 

6 

4 








0 

-20 


+5 

-5 


+15 

-5 

* 

7 

5 










Z“ 


* 

+20 

0 

8 

6 










+20 

0 


* 

+20 

0 

9 

7 












+15 

-5 

* 

11 

8 












+1 

-5 

* 

12 

9 














* 

5 

9 






z 





□ 


Ref 

Sub- 

stiate 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

Not* 1: In the CA3026 terminal No.9 is connected to the emitter 
of Q4, the reference substrate, and the casejtherefore.the case 
should not be grounded. Two terminal 9 columns (CA3026) 
appear in the voltage rating chart because it is a composite 
chart for both the CA3026 and the CA3054. Wherever an usterisk 
is shown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 


Maximum 
Current Ratings 


CA3054 

TERMINAL 

No.» 

CA3026 

TERMINAL 

No. 

•in 

mA 

•out 

13 

10 

5 

0.1 

14 

11 

50 

0.1 

1 

12 

50 

0.1 

2 

1 

5 

0.1 

3 

2 

5 

0.1 

4 

3 

0.1 

-50 

6 

4 

5 

0.1 

7 

5 

50 

0.1 

8 

6 

50 

0.1 

9 

7 

5 

0.1 

11 

8 

Tj 

0.1 

12 

9 

Til 

50 


• Terminal No.10 of CA3054 is not used 



CAUTION: Substrate MUST be maintained negative with 
respect to all collector terminals of this device. See 
Maximum Voltage Ratings chart. 

TYPICAL STATIC CHARACTERISTICS 



Fig.2 - Collector -to-base cutoff current vs ambient temper- 
ature for each transistor. I 



Fig.3 - Input bias currant characteristic vs collector 
current for each transistor. 
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CA3026, CA3054 

ELECTRICAL CHARACTERISTICS at T A = 25 °C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3026 

CA3054 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. 1 TYP. 1 MAX. 

FIG. 

STATIC CHARACTERISTICS I 

For Each Differential Amplifier 









Input Offset Voltage 

_ *10 

V CB = 3V 

! E(Q3)~ I E(Q4) = 2 mA 

- 


0.45 

5 

mV 

6 

Input Offset Current 

ho 



0.3 

2 

pA 

7 

Input Dias Current 

h 



10 

24 

PA 

3 

Quiescent Operating 
Current Ratio 

*C(Ql) _ f »C(Q5) 
'c(Q 2) 'crog) 



0.98 to 
1.02 



3 

Temperature Coefficient 
Magnitude of Input-Offset Voltage 

l AV iol 

AT 



1.1 


MV/°C 

5 

| For Each Transistor | 

DC Forward Base-to- 
Emitter Voltage 

V BE 

i Iq = 50 juA 

V rB - 3 V ) 1 mA 

CB j 3 mA 

f 10 mA 

- 


0.630 

0.715 

0.750 

0.800 

0.700 

0.800 

0.850 

0.900 

V 

6 

Temperature Coefficient of Base- 
lo-Emitter Voltage 

av be 

AT 

V cb = 3 V ’ 'C = ln,A 



-1.9 


pV/° c 

4 

Collector-Cutoff Current 

•CBO 

v CB = 10 V. I E = 0 



0.002 

100 

nA 

2 

Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 

Iq = 1 mA. Ig = 0 


15 

24 


V 


Collector-to-Base 
Breakdown Voltage 

V ( BR)CBO 

l c = WpA, l E = 0 

- 

20 

60 


V 


Collect or-to-Substrate 
Breakdown Voltage 

V ( BR)CIO 

l c = 10/iA, lei = o 


20 

60 


V 


Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

l E = 10/iA, Iq = O 


5 

7 


V 


| DYNAMIC CHARACTERISTICS j 

Common-Mode Rejection Ratio 
For Each Amplifier 

CMR 

v cc = 12 v 

V EE = -6 V 
V x = -3.3 V 
f = 1 kHz 

8a 


100 


dB 

8b 

AGC Range, One Stage 

AGC 

9a 


75 


dB 

9b 

Voltage Gain, Single Stage 
Double-Ended Output 

A 

9a 


32 


dB 

9b 

AGC Range, Two Stage 

AGC 

10a 


105 


dB 

10b 

Voltage Gain, Two Stage 
Double-Ended Output 

A 

10a 


60 


dB 

10b 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 









Forward Current-Transfer Ratio 

- h fe 




110 


‘ 

11 

Short-Circuit Input Impedance 

h ie 



3.5 


kn 

11 

Open-Circuit Output Impedance 

h oe 

f = 1 kHz. V CE = 3 V. 



15.6 


/imho 

11 

Open-Circuit Reverse Voltage- 
Transfer Ratio 

h re 

Iq = 1 mA 

- 


1.8xl0‘ 4 



11 


DYNAMIC CHARACTERISTICS CONT'O 


1/f Noise Figure 
(For Single Transistor) 

NF 

f = 1 kHz, V CE = 3 V 

- 


3.25 


dB 


Gain-Bandwidth Product 
(For Single Transistor) 

f T 

Vqe = 3 V, Iq = 3 mA 

- 


550 


MHz 

12 

Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 









Forward Transfer Admittance 

721 

V C B = 3 V 
Each Collector 
Iq£ 1.25 mA 
f = 1 MHz 

- 

- 

•20+j0 


mmho 

13a 

Input Admittance 

*n 

- 


0.22+jO.l 


mmho 

13b 

Output Admittance 

V22 

- 


O.OWjO 


mmho 

13c 

Reverse Transfer Admittance 

*12 

- 


-0.003 +j0 


mmho 

13d 

Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplified) 









Forward Transfer Admittance 

*21 

VCB = 3 V 
Total Stage 
l C £ 2.5 mA 
f = 1 MHz 

- 

- 

68-jO 


mmho 

14a 

Input Admittance 

*11 

- 


0.55 +j0 


mmho 

14b 

Output Admittance 

*22 

- 


0+j0.02 


mmho 

14c 

Reverse Transfer Admittance 

*12 

- 


0.004-j0.005 

- 

pmho 

14d 

Noise Figure 

NF 

f = 100 MHz 

- 


8 

- 

dB 




Fig. 4 - Base-to-emitter voltage characteristic for each 
transistor vs ambient temperature. 



Fig.5 - Offset voltage characteristic vs ambient temper- 
ature for differential pairs. 

* For CA3054: use data from 0°C to 85°C only 
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EMITTER MILLIAMPERES(Ie) 92CS-I5I84RI 


Fig. 6 • Static base-to-emitter voltage characteristic and 
input offset voltage for differential pairs vs emitter 
current. 



Fig.7 - Input offset current for matched differential 
pairs vs collector current. 
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CA3026, CA3054 


TYPICAL DYNAMIC CHARACTERISTICS 


COMMON MODE REJECTION RATIO 




(b) Characteristic 


SINGLE-STAGE VOLTAGE GAIN 




Terminal Numbers in Circles are 
for CA3026 


TWO-STAGE VOLTAGE GAIN 




(a) Test setup 


Fig. 10 


WCS-l»»sm OC BIAS VOLTS ON TERMINALS ® (T) AND® Q7J (V X i 

(b) Characteristic 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig. 11 • Forward current-transfer ratio (hf 9 ), short-circuit 
input impedance (h - 9 ), open-circuit output impedance 
(h oe ), ond open-circuit reverse voltage-transfer ratio 
(h re ) vs collector current for each transistor. 



Fig. 12 - Gain-bandwidth product (fj) vs collector 
current. 
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imm 


FREQUENCY(f) — MHz 92CS-I5252FI 

. 13(a) - Forward transfer admittance (Y 2 ])ys frequency. 


DIFFERENTIAL CONFIGURATION 
COLLECTOR-TO-BASE VOLTS (Vcb>* 3 
COLLECTOR CURRENT (Ic) OF EACH TRANSISTOR ** 1-25 mA 
AMBIENT TEMPERATURE (Ta)» 25* 
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CA3028A, CA3028B, CA3053 Types 


DIFFERENTIAL/CASCODE 

AMPLIFIERS 

For Communications and 
Industrial Equipment at 
Frequencies from DC to 120 MHz 

The CA3028A and CA3028B are differential/cascode ampli- 
fiers designed for use in communications and industrial equip- 
ment operating at frequencies from dc to 120 MHz. 

The CA3028B is like the CA3028A but is capable of premium 
performance particularly in critical dc and differential ampli- 
fier applications requiring tight controls for input offset voltage, 
input offset current, and input bias current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C 
DISSIPATION: 

At T A up to 55°C 

(CA3028AF, CA3028BF, 

CA3053F) 750 mW 

At T a > 55°C 

(CA3028AF, CA3028BF, 

CA3053F) Derate linearly 6.67 mW/°C 


At T A up to 85°C 

(CA3028A, CA3028B, CA3053) 450 mW 

At T a > 85°C 

(CA3028A, CA3028B, CA3053) Derate linearly 5 mW/°C 
AMBIENT-TEMPERATURE RANGE: 

Operating -55°C to +125°C 

Storage -65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 



Fig.l . Schematic diagram (or CA3028A, CA3028B and CA3053. 



APPLICATIONS 

• RF and IF Amplifiers (bifferential or Cascode) 

• DC, Audio, and Sense Amplifiers 

• Converter in the Commercial FM Band 

• Uscillator • Mixer • Limiter 

• Companion Application Note, ICAN 5337 “Application 
of the RCA CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges.” This note covers characteris- 
tics of different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations. 


FEATURES 

• Controlled for Input Offset Voltage, 
Input Offset Current, and Input Bias 
Current (CA3028B) 

• Balanced Differential Amplifier 
Configuration with Controlled 
Constant-Current Source to Provide 
Unexcelled Versatility 

• Single- and Dual-Ended Operation 

• Operation from DC to 120 MHz 

• Balanced-AGC Capability 

• Wide Operating-Current Range 


The CA3028A, CA3028B, and CA3053 are available in the packages 
shown below. When ordering these devices, it is important to add the 
appropriate suffix letter to the device. 


Package 
8-Lead TO-5 

Suffix 

Letter 

CA3028A 

CA3028B 

CA3053 

TO-5 

T 

V 

V 

V 

With Dual-In-Line 
Formed Leads 
(DIL-CAN) 

S 

V 

V 

V 

Beam-Lead 

L 

V 



Chip 

H 

V 




MAXIMUM VOLTAGE RATINGS at T A = 25 °C 


term- 

inal 

. No. 

1 

2 

3 

4 

5 

6 

7 

8 

This chart gives the range 
of voltages which can be applied 
to the terminals listed horizontally 
with respect to the terminals 
listed vertically. For example, 
the voltage range of the horizontal 
terminal 4 with respect to terminal 
2 is 1 to +5 volts. 

^ Terminal »3 is connected to the sub- 
strate and case. 

* Voltages are not normally applied be- 
tween these terminals. Voltages 
appearing between these terminals 
will be safe, if the specified volt- 
age limits between all other termi- 
nals are not exceeded. 

A Limit is -12V for CA3053 

* Limit is +15V for CA3053 

* Limit is +12V for CA3053 

* Limit is +24V for CA3028A and 
+ 18V for CA3053 

' 


0 

t0 A 

-1S A 

0 

,0 A 

-15 a 

0 

t0 A 

-15 a 

+ 5 
to 
-5 

* 

* 

+ 20® 
to 
0 

2 



+5 

to 

-11 

♦5 

to 

-1 

+15* 

to 

0 

* 

+15* 

to 

0 

* 

3* 




+10 

to 

0 

+15* 

to 

0 

+ 30» 
to 
0 

+15* 

to 

0 

+30* 

to 

0 

4 





+15* 

to 

0 

* 

* 

* 

5 






+ 20© 
to 
0 

* 

* 

6 







* 

♦ 

7 








* 

8 










MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

IlN 

mA 

I OUT 
mA 

1 

0.6 

0.1 

2 

4 

0.1 

3 

0.1 

23 

4 

20 

0.1 

5 

0.6 

0.1 

6 

20 

.0.1 

7 

4 

0.1 

8 

20 

0.1 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 
Cl R- 
CUIT 

SPECIAL TEST 
CONDITIONS 

LIMITS 

TYPE CA3028A 

LIMITS 

TYPE CA3028B 

LIMITS 

TYPE C A3 053 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 



Fig. 


Min. |Typ. |Max. 

Min.| Typ. |Max. 

Min. |Typ.|Max. 


- fig- .... 


STATIC CHARACTERISTICS 





+V CC 

-v ee 












Input Offset Voltage 

VlO 

2 

6V 

12V 

6 V 
12V 





0.98 

0.89 

5 

5 




mV 

4 

Input Offset Current 

IlO 

3a 

6V 

12V 

6V 

12V 





0.56 

1.06 

5 

6 




/xA 

4 

Input Bias Current 

It 

3a 

6V 

12V 

6V 

12V 


16.6 

36 

70 

106 


16.6 

36 

40 

80 




M A 

5a 

3b 

>> 



; 






29 

36 

85 

125 

5b 

Quiescent Operating 
Current 

16 

or 

38 

3a 

6V 

12V 

6V 

12V 

0.8 

2 

1.25 

3.3 

2 

5 

1 

2.5 

1.25 

3.3 

1.5 

4 




mA 

6a 

7 

3b 

9V 

12V 



- 





1.2 

2.0 

2.2 

3.3 

3.5 

5.0 

6b 

AGC Bias Current 
(Into Constant-Current 
Source Terminal No.7) 

17 

8a 

12V 

12V 

V AGC =+9 
V AGC = +12 


1.28 

1.65 



1.28 

1.65 





mA 

8b 


9V 

12V 









TIT 

1.55 


. 

InputCurrentfTerminal 

No.7) 

h 


6V 

12V 

6V 

12V 

0.5 

1 

0.85 

1.65 

1 

2.1 

0.5 

1 

0.85 

1.65 

r 

2.1 




mA 


Device Dissipation 

P T 

3a 

6V 

12V 

6 V 
12V 

24 _ 

120 

36 

175 

54 

260 

IT 

120 

36 

175 

42 

220 




mW 

9 

3b 

9V 

12V 









50 

100 

80 

150 

. 
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CA3028A, CA3028B, CA3053 Types 

ELECTRICAL CHARACTERISTICS ot T A = 25°C (cont’d) 


CHARACTERISTIC SYMBOL C 


| DYNAMIC CHARACTERISTICS 


SPECIAL TEST 
CONDITIONS 


LIMITS 

TYPE CA3028A 

LIMITS 

TYPE CA3028B 

Min. j Typ. (Max 

Min.j Typ. | Max. 





10a 

f 100 MHz 

Cascode 




lla.d 

Vcc +9V 

Diff.-Ampl. 


in 

G P 

10a 

f - 10.7 MHz 

Cascode 




Ua 

v C c 

Diff.-Ampl. 

Noise Fig 

ure 

NF 

10a 

f 100 MHz 

Cascode 




lla.d 

Vcc + 9V 

Diff.-Ampl. 





Cascode 







Diff.-Ampl. 

Reverse Transfer 




Cascode 

Admittance 



f 10.7 MHz 

Diff.-Ampl. 

Forward Transfer 

Y-, 


V CC + 9V 

Cascode 

Admittance 

21 



Diff.-Ampl. 






Cascode 

Admittance ' 

T 22 



Diff.-Ampl. 

Power Output 
(Untuned) 

p 0 

20a 

f 10.7 MHz 

Diff.-Ampl. 
50 \ Input- 
Output 

AGC Range 
(Max. Power Gain 
to Full Cutoff) 

AGC 

21a 

v cc 

Diff.-Ampl. 


at 


22a 

f 10.7 MHz 

Cascode 


f ■ 10.7 MHz 


22c 

vcc + ov 

Diff.-Ampl. 


_.. 1 



R L - 1.6 kQ 

Max. Peak-to-Peak 
Output Voltage 
at f = 1 kHz 

V 0 (P-P) 

23 

v C c = ♦fiv, 

R L - 2 kQ 

V CC ^12V, 

R L = 1.6 kQ 

Bandwidth 
at -3 dB point 

BW 

23 

V CC s +6V ' 
R l -- 2 kQ 

V rr = +12V, 
R l = 1.6 kQ 

Common-Mode 
Input- Voltage Range 

V CMR 

24 

V cc -- +6V, 
V cc = + 12V, 

Common-Mode 
Rejection Ratio 

CMR 

24 

V cc = +6V, 
V cc = + 12V, 

Input Impedance 
at f = 1 kHz 

Z IN 


V cc = +6V, 
V cc = + 12V, 

Peak-to-Peak 

Output 

Current 

! P-P 


v cc = +9V 
V cc = + 12V 


e jn = 400 mV 
Diff.-Ampl. 


ELECTRICAL CHARACTERISTICS at T A = 25°C (cont’d) 


TEST 

CIR- 

CHARACTERISTIC SYMBOL CUIT 


16 

20 


14 

17 


35 

’ 39 


28 

32 



7.2 

9 


6.7 

9 


0.6 + j 1.6 



0.5 + j 0.5 



0.0003 - jO 



0.01 - j 0.0002 



99 - j 18 



-37 + j0.5 



0. + j0.08 



0.04 + j0.23 



5.7 



62 



40 



30 


35 

38 

42 

40 

42.5 

45 

7 

11.5 


15 

23 



: 

7.3 

8 


-2.5 

(-3.2 - 4.5) 

4 

-5 

(-7 - 9) 

7 

60 

110 


60 

90 



5.5 

3 


2.5 

4 

6 

4.5 

6 

8 


DEVICE DISSIPATION'IjVEE+de+Is) VcC EE i 

F\g.3a - Input offset current, input bias current, device 
dissipation, and quiescent operating current test circuit 
for CA3028A and CA3028B. 



DEVICE DISSIPATION" VCC *3 


Fig. 3b - Input bias current, device dissipation, and 
quiescent operating current test circuit for CA3053. 




Mat’ ■■■■■■»■«. 
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SPECIAL TEST 
CONDITIONS 


LIMITS 

TYPE CA3053 


AMBIENT TEMPERATURE <T A )—*C 92CS-IS030 

Fig.4 - Input offset voltage and input offset current for 
CA3028B. 


1 DYNAMIC CHARACTERISTICS 




10a 

f - 10.7 MHz 

Cascode 

35 

39 



Gp 

11a 

v C c = ^v 

Diff.-Ampl. 

28 

32 


Input Admittance 

Y 1 1 



Cascode 


0.6 ♦ 

j 1.6 






Diff.-Ampl. 


0.5 + 

j 0.5 


Reverse Transfer 

Yl ^ 



Cascode 

! - 

0.0003 - JO 


Admittance 

T 12 


f = 10.7 MHz 

Diff.-Ampl. 

! - 

0.01 - jO.0002 




Fig. 5a - Input bias current vs. ambient temperature for 
CA3028A and CA3028B. 






CA3028A, CA3028B, CA3053 Types 



Fig. 5b - Input bias current vs. ambient temperature for Fig. 6a - Quiescent operating current vs. ambient temper- Fig. 6b - Quiescent operating current vs. ambient temper- 
CA3053. ature for CA3028A and CA3028B. ature for CA3053 . 




Fig.7 - Operating current vs. voltage for CA3028A 
and CA3028B. 


Fig. 8b - AGC bias current vs. bias volts (terminal No.7) 
for CA3028A and CA3028B. 



Fig.9 - Device dissipation vs. temperature for CA3028A 
and CA3028B. 



* FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 


Fig. 10a - Powergain and noise figure test circuit (cascode 
configuration) for CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Tost Only. 



92CS-I4492 

Fig. 10b - Power gain vs. frequency (cascade configuration) 
for CA3028 A and CA3028B. 



92CS-I44S6 

Fig.lOc • 100 MHz noise figure vs. collector supply 
volts (cascode configuration) for CA3028A and CA3028B. 


TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 



* FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 


Fig. 11a - Powergain and noise figure test circuit (differ- 
ential-amplifier configuration and terminal No.7 connected 
to V cc ) for CA3028A, CA3028B and CA3053*. 

* 10.7 MHz Power Gain Test Only. 
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CA3028A, CA3028B, CA3053 Types 



Fig. lib - Power gain vs. frequency ( differential - Fig. 11c - 100 MHz noise figure vs. collector supply Fig.lld - Power gain and noise figure test circuit (differ- 

amplifier configuration) for CA3028A and CA3028B. voltage (differential-amplifier configuration) for CA3028A ential-amplifier configuration for CA3028A and CA3028B. 

and CA3028B. 


TYPICAL ADMITTANCE PARAMETERS 




Fig.lle - 100 MHz noise figure and power gain vs. base- Fig. 12 - Input admittance (Y]j) vs. frequency (cascode F ig.1 3 - Input admittance (Y jj) vs. frequency (differential- 

to-emitter bias (terminal No.7) for CA3028A and CA3028B. configuration) for CA3028A, CA3028B and CA3053. amplifier configuration) for CA3028A, CA3028B and CA3053. 





2 3 4 5 $ 789)0 2 3 4 5 6 7 8 9,00 

FREQUENCY (f)-MHi 


Fig. 14 - Reverse transadmittance (Y]£) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 


Fig. 15 - Reverse transadmittance (Y ]2) vs - frequency 
(differential-amplifier configuration) for CA3028A, CA3028B 
and CA3053. 


F ig.1 6 - Forward transadmittance ( Y 2 ]) vs. frequency 
(cascode configuration) for CA3028A, CA3028B and 
CA3053. 



Fig. 17 - Forward transadmittance (Y 2 j) vs. frequency 
(differential-amplifierconfiguration) for CA3028A, CA3028B 
and CA3053. 



Fig. 18 - Output admittance (Y 22 ) vs ■ frequency (cascode 
configuration) for CA3028A, CA3028B and CA3053. 


F ig.1 9 - Output admittance (Y 22 ) y s. frequency (differ- 
ential-amplifier configuration) for CA3028A, CA3028B 
and CA3053. 
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OUTPUT 

92CS-I4SU 


Fig.20a - Output power test circuit for CA3028A and 
CA3028B. 



• 7 6 9 4 3 2 10 

DC BIAS VOLTS ON TERMINAL No.7 92CS-*S0« 


Fig. 21b - AGC characteristics for CA3028A and CA3028B. 


v cc 



9ZCS-I45II 


Fig.22 c - Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) differential-amplifier configurator 
for CA3028A, CA3028B and CA3053. 


CA3028A, CA3028B, CA3053 Types 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 



Fig. 20b - Output power vs. frequency — 50 Cl input and 
50(1 output (differential-amplifier configuration) for 
CA3028A and CA3028B. 


v cc 



Fig. 22a - Transfer characteristic (voltage gain) test 
circuit (10.7 MHz) cascode configuration for CA3028A, 
CA3028B and CA3053. 



INPUT VOLTS (v ta ) 

MCS-W907 

Fig.22d • Transfer characteristics (differential-amplifier 
configuration) for CA3028A, CA3028B and CA3053. 



Fig. 21a - ACC range test circuit (differential amplifier) 
for CA3028A and CA3028B. 



92CS-KS06AI 

Fig.22b - Transfer characteristics (cascode configuration) 
for CA3028A, CA3028B and CA30S3. 



* For R = 1.6 kfi - (Vcc = 12V, V£E = -12V) 
ForR = 2kQ - (V CC = 6 V, VEE = -6V) 


Fig. 23 - Differential voltage gain, maximum peak-to-peak 
output voltage, and bandwidth test circuit for CA3028B. 



Fa CMR test: Si to ground 

For input common-mode voltage range test: Si to Vx 

Common mode rejection ratio = 20 log 1n , (A>) * 2) (°- 3) 

v d ,ff< rms > 

* A = Single-ended voltage gain. 

Fig.24 - Common-mode rejection ratio and common-mode 
input-voltage range test circuit for CA3028B. 




( 
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CA3036 

DUAL DARLINGTON ARRAY 


• Two independent low-noise wide-band amplifier channels 

• Particularly useful for preamplifier and low-level amplifier applications in single- 
channel and stereo systems 

• Wide application in low-noise industrial instrumentation amplifiers 

• Hermetically sealed, all-welded 10-lead TO-5-style metal package 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

LIMITS 

TYPE CA3036 

UNITS 

Min. 

Typ. 

Max. 

For Each 
Transistor 
(Ql. Q2, Q3. Q4) 

Collector-Cutoff Current 

'CBO 

VCB - 5V, Ie =0 

- 

- 

0.5 


Collector-Cutoff Current 

ICEO 

VCE = 10 V, IB -0 

- 

- 

5 

mA 

Collector-to-Emitter Breakdown Voltage 

V(BR)CE0 

1C =1 mA, Ib =0 

15 

20 

- 

V 

Collector-to-Base Breakdown Voltage 

V(BR)CB0 

1C “ 10 /iA, Ie =0 

30 

44 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EB0 

lE = 10yuA, lc=0 

5 

6 

- 

V 

For Either Input 
Transistor (Qi or Q 3 ) 

Static Forward Current-Transfer Ratio 

hFE 

*C1 Of <C3 = 1 mA 

30 

82 

- 

- 

For Either 
Darlington Pair 
(Ql. Q2 or Q 3 , Q 4 ) 

Emitter-to-Base Breadkown Voltage 

V(BR)EB0(D) 

lE2 or ( E4 - 10 AiA 

10 

12.6 

- 

V 

Static Forward Current-Transfer Ratio 

(’FE(D) 

«C1 + 'C2 ) 
or >-lmA 

•C3 + 'C4 ) 

1000 

4540 

- 


For Each 
Input Transistor 
(Ql or Q 3 ) 

Short-Circuit Forward Current-Transfer Ratio 

hfe 

f = 1 kHz 
Id or IC3 = 1 mA 

- 

82 

- 

- 

Short-Circuit Input Impedance 

hje 

-- 

2.6K 

- 

n 

Open-Circuit Output Admittance 

hoe 

- 

7 

- 

Atmho 

Open-Circuit Reverse Voltage-Transfer Ratio 

hre 

- 

9.8 x 10-5 

- 

- 

For Either 
Darlington Pair 
(Ql- Q2 or Q 3 , Q 4 ) 

• 

Short-Circuit Forward Current-Transfer Ratio 

hfe(D) 

f - 1 kHz 
IC1 + IC2) 
or > - 1 mA 
>C3 + IC4> 

- 

1300 

» 

- 

Short-Circuit Input Impedance 

hie(D) 

- 

82K 

- 

n 

Open-Circuit Output Admittance 

hoe(D) 

- 

108 

- 

/imho 

Open-Circuit Reverse Voltage-Transfer Ratio 

hre(D) 

- 

2.7 x 10-3 


- 

Voltage Gain 

A(D) 

- 

26 

- 

dB 

Power Gain 

Gp(D) 

- 

47 

- 

dB 

Noise Voltage 
See Fig.3 for Test Circuit 

En 

f — 100 Hz 

~ 

0.2 

3 

/iV(rms) 

\/m 

f = 1 kHz 

- 

0.05 

0.3 

f = 10 kHz 

- 

0.012 

0.1 

For Either 
Input Transistor 
(Ql or Q 3 ) 

Forward Transfer Admittance 

yfe 

f = 50 MHz 
*C1 or IC3 n 2 mA 

- 

0.68 + j 7.9 

- 

mmho 

Input Admittance (Output Short-Circuited) 

Vie 

- 

4.14 + j 5.95 

- 

mmho 

Output Admittance (Input Short-Circuited) 

Yoe 

- 

1.94 + j 2.64 

- 

mmho 

Reverse Transfer Admittance 
(Input Short-Circuited) 

Yre 


Negligible 


mmho 

For either 
Darlington Pair 
(Ql. Q2 or 03. 04) 

Input Admittance (Output Short-Circuited) 

vm 

f =50 MHz 
•C1 + 'C2) 
or ^-2mA 
'C3 + IC4) 

- 

1.71 +j 2.8 

- 

mmho 

Output Admittance (Input Short-Circuited) 

Yoe(D) 

- 

3.96 +j 2.6 

- 

mmho 

Gain-Bandwidth Product 

fT(D) 

150 

200 

- 

MHz 



Fig.1 - Schematic Diagram for CA3036. 


HIGHLIGHTS 

• Matched tronsistors with emitter-follower outputs 

• Low-noise performance 

• 200-MHi gain-bandwidth product 

• Operation from -55°C to • 125 # C 


APPLICATIONS 

• Stereo phonograph preamplifiers 

• Low-level stereo and single channel 

amplifier stages U 

• Low-noise, emitter-follower differential amplifiers 

• Operational amplifier drivers 


MAXIMUM RATINGS, Absolute-Maximum Values: 

POWER DISSIPATION, P: 

Any one transistor 300 max. mW 

Total tor array 600 max. mW 

TEMPERATURE RANGE: 

Operating —66 to +125 °C 

Storage —65 to +1 50 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max +265 °C 

The following ratings apply for each transistor in the array: 
Collector-to-Emitter Voltage, VcEO .... 15 max. V 

Collector-to-Base Voltage, VcbO 30 max - v 

Emitter-to-Base Voltage, VgeO 5 nwx * v 

Collector Current, Iq 50 max. mA 





CA3039 


Diode Array 

Six Matched Diodes on a Common Substrate 


ULTRAFAST 
LOW-CAPACITANCE 
MATCHED DIODES 


For Applications in 
Commonications and 
Switching Systems 


applicatiqhs 

• Balanced modulators or demodulators 

• Ring modulators 

• High speed diode gates 

• Analog switches 


The RCA-CA3039 consists of six ultra-fast, low capac- 
itance diodes on a common monolithic substrate. Inte- 
grated circuit construction assures excellent static and 
dynamic matching of the diodes, making the array ex- 
tremely useful for a wide variety of applications in 
communication and switching systems. 

Five of the diodes are independently accessible, the 
sixth shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 


FEATURES 

• Excellent reverse recovery time - Ins typ. 

• Matched monolithic construction - 

Vp matched within 5mV 

• Low diode capacitance - 

Cq =» 0.65 pF typical at Vr * - 2V 

• The CA3039 is available in a sealed-junction 
Beam-Lead version (CA3039L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


UJUJUJ 
A * 1 A * l 


Fig. 1 - Schematic Diagram hr CA3039 


ABSOLUTE MAXIMUM RATINGS AT T A - 25°C 


DISSIPATION: 

Any one diode unit 100 mW 

Total for device 600 mW 

For T a >55°C derate linearly 5.7 mW/°C 

TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 1 0 seconds max + 265°C 

PEAK INVERSE VOLTAGE, PIV for: D-|— D5. . 5 V 

D 6 . . . 0.5 V 

PEAK DIODE-TO-SUBSTRATE VOLTAGE. V Dt 
for D1-D5 (term. 1.4.5.8 or 12 to term. 10) . . + 20, -1 V 

DC FORWARD CURRENT. Ip 25 mA 

PEAK RECURRENT FORWARD CURRENT, I, . 100 mA 

PEAK FORWARD SURGE CURRENT. | f ( S urge) . 100 mA 


ELECTRICAL CHARACTERISTICS, at T A = 25° C 
Characteristics apply for each diode unit, unless otherwise specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

MIN. 

TYP. 

MAX. 

FIG. 

DC Forward Voltage Drop 

v F 

Ip = 50 /zA 

- 

• 0.65 

0.69 

V 

2 

1 mA 

- 

0.73 

0.78 

V 

3 mA 

- 

0.76 

0.80 

V 

10 mA 

- 

0.81 

0.90 

V 

DC Reverse Breakdown Voltage 

V (BR)R 

Ir = -10/xA 

5 

7 

- 

V 

- 

DC Reverse Breakdown Voltage 
Between any Diode Unit and Substrate 

V (BR)R 

Ir = -10 /xA 

20 

- 

- 

V 

- 

DC Reverse (Leakage) Current 

|r 

Vr = -4V 

- 

0.016 

100 

nA 

3 

DC Reverse (Leakage) Current 
Between any Diode Unit and Substrate 

>R 

Vr = -10V 

- 

0.022 

100 

nA 

4 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 
Drops of any Two Diode Units) 

| Vp l - Vp 2 | 

Ip = 1 mA 

- 

0.5 

5 

mV 

2 

Temperature Coefficient of jVp^ - Vp£| 

T p r v F 2 | 

AT 

Ip = 1 mA 

- 

1 

- 

/xV/° c 

5 

Temperature Coefficient of Forward Drop 

A Vp 
AT 

Ip = 1mA 

- 

-1.9 

- 

mV/°C 

6 

DC Forward Voltage Drop for 
Anode-to-Substrate Diode (D$) 

v F 

l F = 1mA 


0.65 

- 

V 


Reverse Recovery Time 

*rr 

Ip = 10 mA, Ir = 10 mA 

- 

1 

- 

ns 

- 

Diode Resistance 

Rd 

f = 1 kHz, Ip = 1 mA 

25 

30 

45 

n 

7 

Diode Capacitance 

Cd 

Vr = -2 V, Ip = 0 

- 

0.65 

- 

PF 

8 

Diode-to-Substrate Capacitance 

C DI 

V D | = +4 V, Ip =0 

- 

3.2 

- 

PF 

9 


TYPICAL CHARACTERISTICS 
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92CS-I5268 

Fig. 2 - DC forward voltage drop (any diode) and diode 
offset voltage vs DC forward current 



Fig. 3 • DC reverse (leakage) current (diodes J, 2,3,4, 5) 


vs temperature 


This device is supplied in the hermetic 12-lead 
TO-5 style package. 
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CA3040 


Video and Wideband 
Amplifier 

For Industrial and 
Commercial Equipment at 
Frequencies up to 200 MHz 

The RCA CA3040 is a monolithic silicon integrated 
circuit designed to meet the requirements of a wide 
variety of applications requiring high gain and wideband- 
width. The cascode-connected differential amplifier 
achieves a double-ended gainof37dBwithatypical3dB 
bandwidth of 55 MHz. Emitter-Follower input and output 
stages provide the desirable high input impedance and 
low output impedance for coupling to other circuits. 

The CA3040 includes two biasing options, allowing the 
user to optimize his design over the entire military 
temperature range of -55 to +125°C. Bias Mode A yields 
a substantially constant voltage at the output terminals 
for applications using DC coupling to succeeding stages 
or requiring maximum dynamic range over the temperature 
range. DC output voltage varies less than 0.1 volt (typi- 
cally) over the entire temperature range while gain varies 
±2 dB. Bias Mode B provides extremely stable gain 
over the temperature range. Gain variation is 0 dB (typi- 
cally) in this Bias Mode. DC variation is ±0.8 volt. 
Provisions are also made for stabilizing the operating 
point for either single or split power supplies. 


FEATURES 


• High Differential Push-Pull Voltage Cain 37 dB typ. 

Single-Ended Voltage Cain 31 dB typ. 

• Wide (3dB) Bandwidth 55 MHx typ. 

• Balanced Input and Output 

• High Input Resistance 150 kQ typ. 

• Low Output Resistance 125 Q typ. 


• Bias Options for Temperature Compensation: 

Bias Mode A: “Constant" Voltage 
Bias Mode B: “Constant" Gain 

• Supplied in the hermetic 12-lead TO-5 style 
package 

APPLICATIONS 

• Video Amplifier • Modulator • Mixer 

• Schmitt Trigger • IF Amplifier • DC Amplifier 

* Sense Amplifier 


ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION * 450 mW 

Derating factor for Ta > 85°C 5 mW/°C 

TEMPERATURE RANGE: 

Operating -55°C to +125°C 

Storage 65°C to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


* Limitation imposed by the thermal resistance of package. 



Fig. 1 - icnemof/c Diagram for CA3040 


MAXIMUM VOLTAGE RATINGS of Ta = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range of the vertical terminal 2 with respect to terminal 11 is 0 to +14 volts. CURRENT RATINGS 



A Reference Substrate * Voltages are not normally applied between these terminals. 

Voltages appearing between these terminals will be safe if 
Note 1: External connection required for proper operation. the specified limits between all other terminals are not 

exceeded. 
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CA3040 

ELECTRICAL CHARACTERISTICS AT Ta = 2S°C Unless Otherwise Specified 


Characteristics 

Symbols 

Tost 

Circuits 

Special Tost Conditions 

Limits 

Units 

Fig. 

Min. | Typ. | Max. 

STATIC CHARACTERISTICS Vcc = +6V, V{ 

IE = -6V 

Output Voltage 

v 10 or V 12 

2(a) 

2(b) 

Bi as Mode Switch 
A or B: Closed 

1.4 

2.7 

3.7 

V 

Base Bias Voltage 

v 9 

2(a) 

Bias Mode A 
Switch Closed 

- 

-1.7 

- 

V 

2(b) 

Bias Mode B 
Switch Closed 

- 

-1.7 


V 

Input Bias Reference Voltage 

Vl 

2(a) 

2(b) 

Bias Mode Switch 
A or B: Open 

-1 

- 

+ 1 

V 

Input Bias Current 

14, 16 

2(a) 

2(b) 

Bias Mode Switch 
A or B: Closed 

- 

15 

45 

mA 

Input Unbalance Current 

1 l6-U 1 

2(a) 

2(b) 

Bias Mode Switch 
A or B: Closed 

- 

- 

6 

M A 

Power Supply Current Drain 

12 or 
15 + 111 

2(a) 

Mode A 

Switch open or closed 

4.7 

8.5 

15.5 

mA 

12 or 

15 + I8 + 1 11 

2(b) 

Mode B 

Switch open or closed 

DYNAMIC CHARACTERISTICS Vcc = + 12V, VeE = 0, Split Voltage Supply (Optional) = +6V 

Differential Voltage Gain 








Single-Ended Input 
Differential Output 

A DIFF(DE) 

3(a) 

f= 1 MHz 
R s = 50 n 

34 

37 

- 

dB 

Single-Ended Input 
and Output 

A DIFF(SE) 

3(a) 

1 = 1 MHz 

R s = 50 Cl 

28 

31 

- 

dB 

-3dB Bandwidth 

BW 

3(a) 

R s = 50 fi 

40 

55 

- 

MHz 

Differential Voltage Gain Balance 

a DIFF(SE)10 

“ a DIFF(SE)12 

3(a) 

f = 1 MHz 

-1 

0 

+ 1 

dB 

Output Voltage Swing 

V' v io 

RMS 

3(a) 

f = 1 MHz 

R s = 50 n 

- 

0.5 

- 

VRMS 

Noise Figure 

NF 

3(a) 

(Note 1 ) f = 30 MHz 
R s = 400 Cl 

- 

7.5 

9 

dB 

Parallel Input Resistance 

Ri 

3(a) 

f = 1 MHz 

- 

150 

- 

kQ 

Parallel Input Capacitance 

c. 

3(a) 

- 

2.2 

- 

PF 

Output Resistance 

Ro 

3(a) 

- 

125 

- 

n 

TEMPERATURE DEPENDENT CHARACTERISTICS 

Temperature coefficients for ambient temperature: -55 °C_<Ta <+ 125°C 

Output Voltage 

Avio or'Avi 2 

3(a) 

Bias Mode A 

- 

0 

- 

mV/<>C 

°C 

3(b) 

Bias Mode B 

- 

6.4 

- 

mV/°C 

Power Supply Current Drain 

Al2/°C 

3(a) 

Bias Mode A 

- 

5 

- 

mA/°C 

Differential Voltage Gain 

a diff/°c 

3(a) 

Bias Mode A 

- 

0.0166 

- 

dB/°C 

3(b) 

Bias Mode B 

- 

0 

- 


Note 1: Replace 1-kfl resistors between Term. 1 and 4 and Term. 1 and 6 with suitable chokes so that reactance at 
30 MHz exceeds 5kf2 


DYNAMIC CHARACTERISTICS TEST CIRCUITS 



'variable CAPACITANCE 10 5 — 1 .0 as F ) ADJUSTMENT FOR 
EQUAL 3<JB BANDWIDTH AT AMPLIFIER OUTPUTS. 
TERMINALS 10 AND 12. 

ALL RESISTORS IN OHMS 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED) 

BIAS MODE A IS AS DEFINED IN FIG 2(a) 

Fig.3(a) - Bias Mode A 



'see FIG 3(a) 

BIAS MODE B IS AS DEFINED IN FIG 2(b) 

ALL RESISTORS IN OHMS. 

ALL CAPACITORS IN MICROFARADS (UNLESS OTHERWISE 
INDICATED). 

Fig.3(b) ■ Bias Mode B 


COLLECTOR SUPPLY VOLTS (VCC>=+'2 i 
AMBIENT TEMPERATURE (T A )«25*C 
SINGLE-ENDED INPUT AND OUTPUT ' 1 
MODE A SWITCH ClOSEO.FIG 3(a) 
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Fig. 4 - Differential Voltage Cain vs Frequency 



DC SUPPLY yOLTS 92CS-IMSS 

Fig.5 • Differential Voltage Gain vs DC Supply Voltages 


UTPUT TERMINAL 



Fig. 6 - Test Circuit Layout 
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CA3040 


OPERATING CONSIDERATIONS 
General 

The CA3040 is designed to provide flexibility in 
the selection of power supply configurations and to 
provide the circuit designer the choice between two modes 
of temperature- compensated performance. Mode A, 
which provides constant DC output voltage, is recom- 
mended for most applications. The control of the opera- 
ting point provided by this mode maintains the dynamic 
range of the device while gain variation over most of 
the range is less than +1 dB. Mode B provides constant 
gain for applications where this consideration is critical, 
but will exhibit a reduction of dynamic range at the 
temperature extremes. 

Power Supply Considerations 

Figures 2 and 3 illustrate the use of the CA3040 
with balanced dual supplies and single power supplies, 
respectively. Both figures demonstrate that the inputs 
may be directly referenced to the center point of the 
supply (ground in Fig.2) by closing the included switch. 
This is the natural connection in Fig.2. This connection 
is optional, however, and need not be made. Use of this 
connection in Fig. 3 implies the presence of another 
DC supply or a “stiff’ bleeder. If such a source is 
present its use is suggested in order to maintain maxi- 
mum common mode range. Dynamic performance and 
dynamic range of the output circuit are unaffected by the 
choice of biasing scheme used so that in most cases 
direct connection of Terminal No.l to the center point 
of the supply is not required. Where direct connection 
is not used, Terminals No.4 and No.6 must be biased 
from Terminal No. 1 for proper operation. 

High-Frequency Considerations 

Stable high-frequency operation requires that proper 
high-frequency construction techniques be followed. 
The photograph of Fig. 6 illustrates the precautions 
taken in the construction of the test circuit of Fig.3. 

Extreme caution is required because of the extended 
gain bandwidth capability of the device. Oscillations 
have been observed in the 400-to-800 MHz range when 
precautions were not taken. In addition to normal con- 
siderations of shielding, parts layout, and isolation, 
the following specific suggestions are made: 

1. Use sockets only when necessary. Sockets, when 
used, must provide shielding within the pin circle. 
The socket shown in the chassis of Fig.6 is a 
Barnes MG-1201, or equivalent, modified by drilling 
a 1/8" hole in the center and inserting a grounded 
brass pin. 

2. Do not bypass Terminal No.9 in normal operation. 
Fig.3 shows the' use of neutralization between 
Terminal No.9 andoneoutput to balance the amplifier 
at high frequencies. Experience shows that stable 
operation, while possible, is difficult to achieve 
if Terminal No.9 is bypassed to ground. 

3. In DC testing, 1 kfi, 1/4 W carbon resistors should 
be soldered directly to the socket Terminals No.4 
and No.6 to suppress parasitic oscillations. All 
current carrying connections are made at the other 
end of the resistors. Direct sensing of Terminal 
No.4 or No.6 voltage should not be attempted. 



0 0.1 0.2 0.3 0.4 0.5 0.6 


RMS OUTPUT VOLTS (V|0 OR V|2) 92cs l5444 

Flg.7 -3dB Bandwidth vs Single-Ended Output Voltage 



Fig. 9 - Output Volts or Input Bias Reference Volts 
vs Ambient Temperature 



Fig. II - Collector Supply Current Drain (I2) 
vs Ambient Temperature 
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SOURCE RESISTANCE (R s )-OHMS 

Fig.8 -Noise Figure (NF) vs Source Impedance 



92CS-I5452 

Fig. 10 -Collector Supply Current Drain O2) 
vs Collector Supply Voltage (Vqc) 



Fig. 12 - Single-Ended Differential Voltage Gain 
vs Ambient Temperature 
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CA3045, CA3046 Types 


General-Purpose Transistor Arrays for Low-Power Applications at Frequencies 

from DC through the VHF Range 

THREE ISOLATED TRANSISTORS 
AND ONE DIFFERENTIALLY-CONNECTED 
TRANSISTOR PAIR 

The CA3045 and CA3046 each consist of five general-purpose 
silicon n-p-n transistors on a common monolithic substrate. 

Two of the transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transistors 
in conventional circuits. However, in addition, they provide 
the very significant inherent integrated circuit advantages of 
close electrical and thermal matching. 


ABSOLUTE MAXIMUM RATINGS AT T A - 25°C 

CA3045 

CA3045F, CA3046 



Each 

Total 

Each 

Total 


Power Dissipation: 

Transistor 

Package 

Transistor 

Package 


T A up to 55°C ... 

- 

300 

750 

mW 

T a > 55°C 

- 

Derate at 6.67 

mW/°C 

T A up to 75°C . . . . ; 

300 

750 


- 

mW 

T a > 75°C 

Derate at 8 

- 

- 

mW/°C 


Collector-to-Emitter Voltage, Vq E q 15 — 15 - V 

Collector-to-Base Voltage, Vq B q 20 — 20 - V 

Collector-to-Substrate Voltage, Vqiq 20 - 20 — V 

Emitter-to-Base Voltage, V^bo 5 - 5 - V 

Temperature Range: 


Operating 

-55 to +125 

-55 to +125 

°C 

Storage 

Lead Temperature (During Soldering): 

-65 to +150 

-65 to +150 

°C 

At distance 1/16 ±1/32" (1.59 ±0.79 mm) 
from case for 10 seconds max: 

+265 

+265 

°c 


* The collector of each transistor of the CA3045 and to the most negative point in the external circuit to 

CA3046 is isolated from the substrate by an integral maintain isolation between transistors and to provide 

diode. The substrate (terminal 13) must be connected for normal transistor action. 


The CA3045 is supplied in a 14-lead dual-in-line hermetic 
(welded-seal) ceramic package and the CA3045F in a 14-lead 
dual-in-line hermetic (frit-seal) ceramic package. 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a dual-in-line plastic package for applications 
requiring only a limited temperature range. 



FEATURES 

• Two matched pairs of transistors 

Vgg matched i 5 mV 

Input offset current 2 ft A max. at 1^ = 1 mA 

• 5 general purpose monolithic transistors 

• Operation from DC to 120 MHz 

• Wide operating current range 

• Low noise figure • • 3.2 dB typ. at 1 kHz 

• Full military temperature range for CA3045 

-55 to + 1 25°C 

• The CA3045 is available in a sealed-junction 
Beam-Lead version (CA3045L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

APPLICATIONS 

• General use in all types of signal processing systems 
operating anywhere in the frequency range from 

DC to VHF 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 as specified. 





LIMITS 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

Type CA3045 
Type CA3046 

UNITS 




MIN. 

TYP. 

MAX. 


STATIC CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 

v (BR)CR0 

l C -lOjtiA.If: =0 

20 

60 


V 

Collector-to-Emitter Breakdown Voltage 

VfBRlCEO 

Iq = 1 mA, lg = 0 

15 

24 


V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CI0 

l c = 10/iA, l C | = 0 

20 

60 


V 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10 /uA, Iq =0 

5 

7 


V 

Collector-Cutoff Current 

'CBO 

v CB = iov,i E =o 


0.002 

40 

nA 

Collector-Cutoff Current 

'CEO 

V CE rl0V,l B =0 


See curve 

0.5 

flA 

Static Forward Current-Transfer Ratio 


( Iq * 10 mA 


100 



(Static Beta) 

h FE 

V CF =3 V<l n = 1 mA 

40 

100 




1 l c = 10 mA 


54 



Input Offset Current for Matched Pair 
Q| and 0 2 . |l| 0l - *I0 2 I 


V CE = 3 V, Iq = 1 mA 


0.3 

2 

pA 

Base-to-Emitter Voltage 

V BE 

V C c =3 v/‘e * 1 mA 
\l E «10mA 


0.715 

0.800 


V 

Magnitude of Input Offset Voltage for Differ- 







ential Pair |V BEi - Vg^j 


V CE = 3 V, ! c = 1 mA 


0.45 

5 

mV 

Magnitude of Input Offset Voltage for Iso- 







lated Transistors |Vbe-i ' v BEal| 
I v BE 4 v BE 5 1. |VBE 5 - VBE 3 1 


V CE “ 3 V, Iq ■* 1 mA 


0.45 

5 

mV 

Temperature Coefficient of 

av B e 

V CE = 3 V, Iq = 1 mA 


-1.9 


mV °C 

Base-to-Emitter Voltage 

AT 





Collector-to-Emitter Saturation Voltage 

V CES 

lg = 1 mA, Iq = 10 mA 


0.23 


V 

Temperature Coefficient: 

|AV, 0 





MV°c 

Magnitude of Input-Offset Voltage 

AT 

Vq E 3 V, Iq 1 mA 


1.1 



• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

• See RCA Application Note, ICAN-5296 “Application 
of the RCA-CA3018 Integrated-Circuit Transistor 
Array’* for suggested applications. 


STATIC CHARACTERISTICS 



Fig. 2 — Typical collector-to-base cutoff current 
vs ambient temperature for each 
transistor. 
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CA3045, CA3046 Types 


ELECTRICAL CHARACTERISTICS, ot T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA 3046 as specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

Type CA3045 
Type CA3046 

MIN. I TYP. I MAX. 

DYNAMIC CHARACTERISTICS | 

Low-Frequency Noise Figure 

NF 

f = 1 kHz. V C e=3V,I C = 100mA 
Source Resistance = 1 kn 


3.25 


dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 







Forward Current-Transfer Ratio 

h fe 

f = 1 kHz, V CE l 3 V, l c = 1 mA 


110 



Short-Circuit Input Impedance 

h ie 


3.5 


ki: 

Open-Circuti Output Impedance 

h oe 

' 

15.6 


Minho 

Open-CircuTT Reverse 
Voltage-Transfer Ratio 

h re 


1.8xl0' 4 



Admittance Characteristics: 







Forward Transfer Admittance 

. Y fe _ 

1 

f = 1 MHz, V CE = 3 V, l c =1 mA 

1 


31-|1.5 



Input Admittance 

Y,e 


0.3*|0.04 



Output Admittance 

Y oe 


0.001 *j0.03 



Reverse Transfer Admittance 

Y re 


See curve 



Gain-Bandwidth Product 

f T 

V C£ = 3 V. I c = 3 mA 

300 

550 



Emitter-to-Base Capacitance 

C EB 

V EB = 3V.I E =0 


0.6 


pF 

Collector-to-Base Capacitance 

C CB 

V CB - 3 V. I C - 0 


0.58 


pF 

Collector-to-Substrate Capacitance 

C CI 

V C s = 3V,l c = 0 


2.8 


pF 


STATIC CHARACTERISTICS 



Fig. 3 - Typical collector-to-emitter cutoff current vs 
ambient temperature for each transistor. 



EMITTER MILLIAMPERES (I E ) 

92CS- 15102 


Fig. 4 - Typical static forward current-transfer ratio and 
beta ratio for transistors Oj and O 2 vs emitter current. 



92CS- IS?i6 

Fig. 5 - Typical input offset current for matched 
transistor pair QjC?2 collector current. 



Fig. 6 • Typical static base-to-emitter voltage character- 
istic and input offset voltage for d ifferential pair and 
paired isolated transistors vs emitter current. 




Fig. 7 — Typical base-to-emitter voltage charac- Fig. 8 — Typical input offset voltage characteristics 

teristics vs ambient temperature for for differential pair and paired isolated 

each transistor. transistors vs ambient temperature. 
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CA3045, CA3046 Types 



DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 




Fig.9(a) - Typical noise figure vs collector current. Fig. 9(b) - Typical noise figure vs collector current. 


Fig. 9(c) - Typical noise figure vs collector current. 





Fig. 10 - Typical normalized forward current-transfer Fig. 11 - Typical forward transfer admittance Fig. 12 - Typical input admittance vs frequency, 

ratio, short-circuit input impedance, open-circuit vs frequency, 

output impedance, and open-circuit reverse volt- 
age-transfer ratio vs collector current. 





Fig. 13 - Typical output admittance vs frequency. Fig. 14 - Typical reverse transfer admittance 

vs frequency. 


Fig. 15 - Typical gain-bandwidth product vs 
collector current. 
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CA3048 


Amplifier Array 

FOUR INDEPENDENT 
AC AMPLIFIERS 

The RCA CA3048 is a silicon monolithic integrated 
circuit consisting of four independent identical AC 
amplifiers which can operate from a single-ended power 
supply. 

The amplifiers include internal DC bias and feedback 
to provide temperature-stabilized operation. They may 
be used in a wide variety of AC applications in which 
operational amplifiers have previously been used. 


For Low-Noise and 
General AC Applications 
In Industrial Service 


Each high gain amplifier has a high impedance non- 
inverting input, and a lower impedance inverting input 
for the application of feedback. Two power-supply 
terminals and two ground terminals are provided to re- 
duce internal and external coupling between amplifiers. 

The CA3048 is supplied in a lb-lead dual-in-line 
plastic package. 



ABSOLUTE-MAXIMUM RATINGS at T A = 25°C: 

DISSIPATION: 

At Ta = 55° C 

Above Ta = 55° C 

TEMPERATURE RANGE: 

. Operating 

Storage 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ±0.79mm) 
from case for 10 seconds max. 


750 mW 

Derate linearly at 7.7 mW/°C 

40°C to 485°C 

-65°C to +150°C 


+265 °C 


POWER SUPPLY VOLTAGE +16 V 

AC INPUT VOLTAGE 0.5 V rms 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2to-3.6 volts. 



Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 


FEATURES 

• Four AC amplifiers on a common substrate 

• Independently accessible inputs ond outputs 

• Operates from single.ended supply 

EACH AMPLIFIER 


• Noise figure at 1kHz 2 dB typ. 

• High voltage gain 53 dB min. 

• High input resistance 90 kw typ. 

• Undistorted output voltage 2 V rms min. 

• Output Impedance 1 kE typ. 

• Open-loop bandwidth 300 kHz typ. 

APPLICATIONS 


• Multi-channel or cascade operation 

• Low-level preamplifiers 

• Equalizers 

• Linear signal mixers 

• Tone generators 

• Multivibrators 

• AC integrators 



• CONNECT TO APPROPRIATE TERMINAL TO READ VOLT ACE 


Fig-2 - Test circuit for measurement of collector 
supply voltage and currents. 


{ 
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CA3048 




Fig.9 - Typical open-loop gain vs frequency. 



Fig. 10 • Typical total harmonic distortion 
vs ambient temperature. 



* V.T.V.M. • Hewlett-Packard Model 400D or equivalent. 

Procedure: 

1. Adjust Signal Generator for 0 dB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal #1 
used as reference). 

Fig. 13 - Test circuit for measurement of inter-amplifier 
audio separation "cross talk " characteristic. 



• RESISTORS ARE METALFILM TYPE. IV. 


To test Amplifiers 1, 2, 3, or 4, connect terminals as shown in 
Table. 



Fig. 11 - Test circuit for measurement of broadband 
noise characteristic. 



Fig. 14 • Typical amplifier gain vs feedback resistance. 



• Li -2.5 millihenry inductor, dc resistance 0.3 ohms or less. 

* Resistors metal film type. 1%. To test amplifiers, connect 
terminals as shown in Table. 



Fig. 12 • Test circuit for measurement of "weighted” 
output noise voltage characteristic. 


OPERATING CONSIDERATIONS 
Economical Gain Control 

The CA3048 is designed to permit flexibility in the 
methods by which amplifier gain can be controlled. 
Fig. 14 shows a curve of the gain of an amplifier when 
the internal resistive feedback of the device is used in 
conjunction with an external resistor. Although meas- 
ured gain of various amplifiers will not be uniform, 
because of tolerances of internal resistances, this 
method is very economical and easy to apply. 

Stability 

The CA3048, as in other devices having high gain-band- 
width product, requires some attention to circuit layout, 
design, and construction to achieve stability. 

Should the CA3048 be left unterminated, socket capaci- 
tance alone will provide sufficient feedback to cause 
high frequency oscillations; therefore, all test circuits 
in this data bulletin include loading networks that pro- 
vide stability under all conditions. 
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CA3049T, CA3102E 


DUAL HIGH-FREQUENCY 
DIFFERENTIAL AMPLIFIERS 

For Low-Power Applications at Frequencies 

up to 500 MHz 

Features: 

• Power Gain 23 dB (typ.) at 200 MHz 

• Noise Figure 4.6 dB (typ.) at 200 MHz 

• Two differential amplifiers on a common substrate 

• Independently accessible inputs and outputs 

• Full military-temperature-range capability- (— 55°C to + 125°C) 
for the CA3102E and for the CA3049T 

• The CA3049 is available in a sealed-junction 
Beam-Lead version (CA3049L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 


Applications 

• VHF amplifiers 

• VHF mixers 

• Multifunction combinations - RF/Mixer/Oscillator; 
Converter/I F 

• IF amplifiers (differential and/or cascode) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Balanced mixers 

• Synthesizers 

• Balanced (push-pull) cascode amplifiers 

• Sense amplifiers 

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, 

ATT A = 25° C 


RCA-CA3049T and CA3102E consist of two independent 
differential amplifiers with associated constant-current tran- 
sistors on a common monolithic substrate. The six transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low l/f noise and a value of fj in excess of 1 
GHz. These features make the CA3049T and CA3102E use- 
ful from dc to 500 MHz. Bias and load resistors have been 
omitted to provide maximum application flexibility. 


Power Dissipation, P: 

Any one transistor 

Total package 

For T/\ > 55°C Derate at: 
Temperature Range: 

Operating 

Storage 


CA3049T 

CA3102E 

300 

300 mW 

600 

750 mW 

5 

6.67 mW/°C 

-55 to + 125 

-55 to +125 °C 

-65 to + 150 

-65 to + 150 °C 




AND CASE 


92CS-I524S 


Schematic Diagram for CA3049T 



Schematic Diagram for CA3102E 


The monolithic construction of the CA3049T and CA3102E 
provides close electrical and thermal matching of the ampli- 
fiers. This feature makes these devices particularly useful in 
dual-channel applications where matched performance of the 
two channels is required. 

The CA3102E is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the 12-lead TO-5 package; the 
CA3102E, in the 14-lead plastic dual-in-line package. 



Fig. 1 -Static characteristics test circuit for CA3102E. 



Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) Q Typical Characteristics for CA3049T and CA3102E 

from case for 10 seconds max +265 C 


The following ratings apply for each transistor in the devices 


Col lector-to-Emitter Voltage, V C eo 15 v 

Collector-to-Base Voltage, V CB0 20 V 

Collector-to-Substrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, V Bb q 5 V 

Collector Current, Iq 50 mA 


•The collector of each translator of ttia CA3049T and CA3102E It 
iiolated from the substrate by an Integral diode. The substrate 
(terminal 9) mutt be connected to the most negative point In the 
external circuit to maintain Isolation between translators and to 
provide for normal transistor action. 



[W<7>] 



L-j, L2 - Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8” Dia. 
Cl ,C 2 -15pF Variable Capacitors (Hammarlund, MAC-15; or 
Equivalent) 

All Capacitors in/iF Unless Otherwise Indicated 
All Resistors in Ohms Unless Otherwise Indicated 


Fig. 4-Input offset voltage vs. emitter current 



Fig. 3— 200 MHz cascode power gain and noise figure test circuit. 
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ELECTRICAL CHARACTERISTICS at T A - 2S°C 


CA3049T, CA3102E 


TEST 

CIR- 

SYMBOLS TEST CONDITIONS CUIT 


STATIC CHARACTERISTICS 










1 


ambient t 

T 1 

LJhature — ■ 


r 


r 


— 

- 


_ + B£S_- 

— 

i 

- 

5 







J 



Temperature Coafflclant of 
Bata-to-Emlttar Voltage 
Collactor-Cutoff Currant 
Collector-to-Emirter 

Braakdown Voltaga 

Collactor-to-Basa 

Braakdown Voltage 

Collecto>-to-Substrata 

Braakdown Voltapa 

Emittar-to-Basa Braakdown 

Voltapa 

DYNAMIC 

CHARACTERISTICS 

1/f Noisa F igure (For 

Singla Transistor) 

Gain-Bandwidth Product 
(For Singla Transistor) 

Collector-Base Capacitance 
Collector-Substrata Capacitanc 


Common-Mode Rejection Ratio CMR 
AGC Range, One Stage AGC 

Voltaga Gain, Single-Ended A 

Output 

Insertion Power Gain G„ 


Fig. 6-Base-to-emitter voltage vs. collector current. 


AT V CE “ 6 V, l c - 1 mA 

'CBO V CB - fO V. l£ * 0 

v (BR)CEO 'C “ 1 mA > 'B - 0 
v (BR)CBO 'C * 10 P A - >E = 0 
v (BR)CIO l C = ’OpA, l B = 0, l E = 0 


v (BR)EBO >E - ’OpA, l c = 0 


Bias Voltaga = -4.2V 

( = 10 MHt 

t = 200 MHz I Cascoda 
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CA3049T, CA3102E 


ELECTRICAL CHARACTERISTICS at T A - 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3102E LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. | TYP. |mAX. 

UNITS 

FIG. 

STATIC CHARACTERISTICS 

For Each Oiffarantial Amplifier 

Input Offset Voltaga 

VlO 


1 

... 

0.25 

5 

mV 

-4 

Input Of fiat Currant 

•io 

l 3 - 1 9 “ 2 mA 

1 

... 

0.3 

3 

pA 


Input Bla« Currant 

1 1 8 


1 

... 

13.5 

33 

pA 

5 

Tamparatura Cotfflclant Mag 
nltuda of lnput-Off*at Voltaga 

IAV, 0 I 

AT 


1 

... 

1.1 


MV/°C 

4 

For E«ch Transistor 



DC Forward 8ase-to- 
Emittar Voltaga 

V BE 

V CE - 6 V 
lg » 1 mA 


674 

774 

874 

mV 

6 

Tamparatura Coafflciant of 
Basa-to-Emittar Voltaga 

av 0E 

AT 

V C E “ 6 V, l c » 1 mA 



-0.9 


mV/°C 

6 

Collector-Cutoff Currant 

'CBO 

V C B “ 10 V. I E = 0 



0.0013 

100 

nA 

7 

Collector-to-Emittar 

v (BR)CEO 

n 

3 

> 

o 


15 

24 


V 


Collector to-Baae 

V(BR)CBO 

lc * 10 pA, lg = 0 


20 

60 


V 


Collector -to-Substrata 
Breakdown Voltaga 

v (BR)CIO 

i c = io ma, i b = o, if > o 


20 

60 


V 

... 

Emitter-to-Basa Breakdown 
Voltaga 

v (BR)EBO 

l E = 10 MA, l c = o 

' 

5 

7 


V 


DYNAMIC 

CHARACTERISTICS - 

1/1 Noita Figura (For 
Singla Trantistor) 

NF 

f * 100 KH 3 . Fl s = 500 n 



1.5 


dB 

12 

Gain-Bandwidth Product 
(For Single Transistor) 

f T 

V C £ = 6 V, 1^ = 5 mA 



1.35 


GHj 

11 

Collactor-Baaa Capacitanca 

C C B 

I C =0 V CB = 5V 



0.28 
0 15 


pF 

PF 

8 

Collactor Substrate Capacitance 

Cci 

l C = 0 V C , = 5V 



1.65 


pF 

8 

1 For Each Differential 

Common-Mode Rejection Ratio 

CMR 

1 3 - 1 g = 2 mA 



100 


dB 


AGC Range, Ona Stage 

AGC 

Biaa Voltage = -6V 

2 


75 


dB 


Voltag* Gain, Singla- Endad 

A 

Biaa Voltage = -4.2V 
f = 10 MHz 

2' 

18 

22 


dB 

9, 10 

Insertion Power Gain 

Go 

f = 200 MHz 

V CC = 12V 

For Caacode 
Configuration - 
1 3 - 1 9 - 2 mA 
For Diff 
Amplifier 
Configuration 
I3 ' '9 55 4mA 
(each 
collector 
l C — 2mA) 

Caacode 

3 


23 


dB 

... 

Noiaa Figure 

NF 

Caacode 

3 


4.6 


dB 


Input Admittance 

Y 1 1 

Caacode 



1.5 ♦ j 2.45 


mmho 

14, 16. 18 

Diff. Amp. 



0.878 ♦ j 1.3 


15, 17. 19 

Revaraa Tranafar Admittance 

Y 1 2 

Caacode 



0 - j 0 008 


mmho 

... 

Diff Amp. 



0 - j 0.013 



Forward Tranafar Admittance 

Y 21 

Caacode 

... 


17.9 - j 30.7 


mmho 

26. 28. 30 

Diff. Amp 



- 10.5 + j 13 


27, 29, 31 

Output Admittance 

y 22 

Cstcoda 

... 


- 0.503 - j 15 



20, 22. 24 

Diff. Amp. 



0.071 + j 0.62 



21. 23, 25 


•Terminala 1 & 14, or 7 & 8. (CA3102E) 1 & 12 or 6 & 7 (CA3049T) 
••Terminals 13 & 4, or 6 8. 11. (CA3102E) 10 & 11 or 4 & 5 (CA3049T) 


- MILLIMH0S 
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r 






























It 















2 















I 
















INPUT CONDUCTANCE (g„ 
0 2 - 










X 















\ 







































Zj 











10 5 

















































! 











3 











2 














^2 





5 K 









z 










^ 1 





7^ 






i 

















| 




z 









0 


Z 468, Z 468, 

10 O* 10 s 


FREOUENCY ( f ) — MHz 

9ZSS-3932 


Fig. 14-Input admittance (Yjj) vs. frequency. 



Fig. 15-Input admittance (Yjfl vs. frequency. 



Fig. 16-Input admittance (Yfj) collector supply voltage. 



9ZSS-N36 




EMITTER CURRENT (I 3 , Igl-mA 


Fig. 17-Input admittance (Y 1 j) vs collector supply voltage. 


Fig. 18-Input admittance (Y 1 j) vs emitter current. 


Fig. 19-Input admittance (Y^) vs emitter current 
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CA3049T, CA3102E 


Typical Output Admittance Characterise* for CA3049T and CA3102E 
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Fig. 20— Output admittance (Y 22 f vt frequency. 


Fig. 21— Output edmittance (Y 22 ) vs - frequency. 
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Fig. 22— Output admittance (Y 22 ) vs. collector supply voltage. 



Fig. 23-Output admittance ( Y 2 ^ vs. collector supply voltage. 



92SS-3946 

Fig. 24-Output admittance (Y 22 ) vs. emitter current 
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Fig. 25-Output admittance (Y 22 ) vs. emitter current. 


Typical Forward Trantfar Characteristics for CA3049T and CA3102E 
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Fig. 26— Forward transfer admittance (Y 2 j) vs. frequency. 


Fig. 27— Forward transfer admittance (Y 2 j) vs. frequency. 



Fig. 28— Forward transfer admittance (Y 2 j) vs. collector supply 
voltage. 



age. 



Fig. 30-Forward transfer admittance IY 2 j) vs. emitter current. 



Fig. 31-Forward transfer admittance (Y 2 j) vs. emitter current. 
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CA3050, CA3051 

Dual Differential Amplifiers 

TWO DRRUNGTON- CONNECTED DIFFERENTIAL AMPLIFIERS WITH DIODE HAS STRING 
For Low-Power Applicatioas at Frequencies from DC to 20 MHz 

The CA3050 and CA3051 each consists of two differ- 
ential amplifiers with associated constant current tran- 
sistors on a common substrate. Each amplifier is driven 
by Darlington-connected emitter follower inputs to pro- 
vide high input impedance, low bias current, and low 
offset current. A string of diodes is included to provide 
temperature-compensated bias to the constant current 
transistors and a low impedance bias point for the inputs 
to the differential amplifiers when a single power supply 
is used. 


APPLICATIONS 

• Matched dual amplifiers 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Dual multivibrators 

• Doubly balanced detectors and modulators 

• Balanced quadrature detectors 

• Synthesizer mixers 

• Product detectors 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT T A = 25°C 


CA3050 CA3051 

Powtjr Dissipation, P: 

Any one transistor 150 150 mW 

Total package 900 750 mW 

For T A > S5°C, 'Derate at . . 8 6.67 mW/°C 

Temperature Range: 

Operating -55 to +125 I °C 

Storage -65 to +150 J °C 

LEAD TEMPERATURE (During Soldering) ' 

Al distance 1/16 ± 1/32 inch (1.5*) i 0.79mm) 

from case for 10 seconds max *2tt5°C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage, V CEO 15 V 

Collector-to-Base Voltage, V CBQ 20 V 

Collector-to-Subatrate Voltage, V CIO *. . . 20 V 

Emitter-to-Base Voltage, V EBQ 5 V 

Collector Current, I c • 50 mA 


The collector of each transistor of the CA3050 and CA3051 
is isolated from the substrate by an integral diode. The 
substrate (terminal 14) must be more negative than all col- 
lectors to maintain isolation between transistors and to 
provide for normal transistor action. 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range between vertical terminal 2 and horizontal terminal 3 is 46 to -2 volts. CURRENT RATINGS 



NOTE 1 : This rating is important only when terminal 5 is more NOTE 4: This rating is important only when terminal 1 1 is more 
positive than terminal 8. positive than terminal 10. 


NOTE 2: This rating is important only when terminal 8 is more *Voltages are not normally applied between these terminals. Voltages appearing 
positive than terminal 5. between these terminals will be safe if the specified limits between all other 

NOTE 3: This rating is important only when terminal 10 is more terminals are not exceeded, 
positive than terminal 11. 


10 9 12 4 II 5 6 7 8 3 



Fig.1 - Schematic diagram. 


FEATURES 

• Input offset current 70 nA max. 

• Input bias current 500 nA max. 

• Input offset voltage 5 mV max. 

• Input impedance 460 k£2 typ. 


• Independently accessible inputs and outputs 


The CA3050 is supplied in the 14-lead dual-in- 
line ceramic package and the CA3051 is supplied 
in the 14-lead dual-in-line plastic package. 


TYPICAL STATIC CHARACTERISTICS 



Fig. 2(a) - Typical input offset voltage vs 
quiescent bias current. 



AMBIENT TEMPERATURE (T*l — *C 

92CS-IS4I4 


Fig. 2(b) - Typical input offset voltage vs 
ambient temperature. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 





TEST 

CIR- 


LIMITS 



TYPICAL 

CHARAC- 

CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

CUIT 

CA3050/CA3051 

UNITS 

TERISTICS 

CURVES 




FIG. 

MIN. 

TYP. 

MAX. 


FIG. 

STATIC 

Amplifier Characteristics 

Input Offset Voltage 

V |0 


- 

- 

1.5 

5 

mV 

2 a, b 

Input Offset Current 

lio 


- 

- 

7 

70 

nA 

3a, b 

Input Bias Current 

>IB 


. - 

- 

200 

500 

nA 

4a, b 

Quiescent Operating Current Ratio 

04+112) 


- 

0.9 

1.00 

1.13 

- 

5a,b 


or 

V C c = + 6 V, I 3 = 2 mA 








d6 + l7) 








'3 










f Iq = 50/j.A 

- 

- 

0.645 

0.700 



DC Forward Base-to-Emitter Voltage 

V BE 

V CE = 3V < 

1 3 mA 

: 

: 

0.725 

0.760 

0.800 

0.850 

V 

6 



( 10 mA 

- 

- 

0.805 

0.900 



Temperature Coefficient of Base-to- 

av be 

V CE = 3 V, l c = 1 mA 





mV/°C 

7 

Emitter Voltage 

AT 





Transistor Characteristics j 


! cbo 

HD 

- 

- 

ma 


nA 

8 

Collector-to-Emitter Breakdown Voltage 

V (BR)CEO 

Iq = 1 mA, Iq = 0 

- 

15 

24 

- 

V 

- 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 

l c = 10/xA, l E = 0 

- 

20 

60 

- 

V 

- 

Co llector-to-Substrate Breakdown Voltage 

V (BR)C 10 

Iq = 10 ^A, Iq| = 0 

- 

20 

60 

- 

V 

- 

Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

Ip = 10 tA, Iq = 0 

- 

5 

7 

- 

V 

- 

DYNAMIC 

Transistor Characteristics 

Emitter-to-Base Capacitance 

C EB 

V EB = 3V, Ip = 0 

- 

- 

0.78 

- 

PF 

9 

Collector-to-Base Capacitance 

C CR 

V CB = 3 V, Iq = 0 

- 

- 

0.47 

- 

PF 

9 

Collector-to-Substrate Capacitance 

C CI 

V C S = 3 V. Iq = 0 

- 

- 

1.92 

- 

PF 

9 

Amplifier Characteristics j 

Gain-Bandwidth Product 
(For Single Transistor) 

f T 

V CE = 5 v, l c = 3 mA 

- 

- 

600 

- 

MHz 

10 

Forward Transadmittance 
(With single-ended input and output) 

l V 2l| 

Vqq = 10 V, l 3 = 2 mA 
f - 1 MHz 

11 

7 

9 

11 

mmho 

11 

Bandwidth at -3 dB Point 

BW 

Vqq = 10 V, l 3 = 2 mA 

11 

- 

4.3 . 

- 

MHz 

11 

Input Impedance 

Z| 

V cc = 10 V, l 3 = 2 mA 
f = 1 KHz 

12 

- 

460 

- 

kfi 

12 

Output Impedance 

z 0 

l 3 = 2 mA, f = 1 KHz 

13 

- 

170 

- 

kQ 

13 

Common-Mode Rejection Ratio 

CMR 

l 3 = 2 mA, f = 1 KHz 

- 

- 

65 

• - 

dB 

- 

AGC Range 

AGC 

l 3 = 2 mA, f = 1 KHz 
Terminal No.3 Grounded 

11 

- 

60 

- 

dB 

- 


CA3050, CA3051 
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92CS-I34I6 


Fig. 3(a) - Typical input offset current vs 
quiescent bias current. 



AMBIENT TEMPERATURE (T A )— *C 

92CS-I34 

Fig. 3(b) - Typical input offset current vs 
ambient temperature. 



INPUT BIAS NANOAMPERES (Ij) 


Fig.4(a) - Typical quiescent bias current vs 
input bias current. 



Fig. 4(b) - Typical normalized input bias current vs 
ambient temperature. 


Fig. 5(a) - Typical quiescent operating current 
ratio vs quiescent bias current. 


Fig. 5(b) - Typical quiescent operating current 
ratio vs ambient temperature. 





CA3050, CA3051 



Fig. 6 - Typical static base-to-emitter voltage Fig.7 - Typical base-to-emitter voltage characteristic 

characteristic vs emitter current for all tran- vs ambient temperature for each transistor, 

sistors and forward diode voltage drops. 




Fig. 11(b) - Typical differential amplifier forward trans- 
admittance with single-ended output vs frequency. 




Fig. 10 - Typical gain-bandwidth product (fj) for 
each transistor vs emitter current. 

VCC'IOV 



V EE -ADJUST FOR I 3 -2mA 
92CS-15423 

Fig.l2(a) - Test circuit for input impedance. 



Fig. 13(b) - Typical output impedance vs frequency 
with input short-circuited. 



O 25 50 75 100 125 


AMBIENT TEMPERATURE <T A ) — *C 

92CS-15195 

Fig.8 • Typical collector-to-base cutoff current vs 
ambient temperature for each transistor. 


v<x*iov 



Fig. 11 (a) - Test circuit for forward transadmittance, 
-3 dB bandwidth, and AGC range. 



Fig.l2(b) - Typical input impedance vs frequency 
with output short-circuited. 
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Zero-Voltage Switches 

For 50/60 and 400 Hz Thyristor Control 
Applications 

The RCA-CA3058, CA3059, and CA3079 
zero-voltage switches are monolithic silicon 
integrated circuits designed to control a 
thyristor in a variety of AC power switching 
applications for AC input voltages of 24 V, 

120 V, 208/230 V, and 277 V at 50/60 and 
400 Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (see Fig. 1 ) 
as follows: 

1. Limiter-Power Supply— Permits operation 
directly from an AC line. 

2. Differential On/Off Sensing Amplifier- 
Tests the condition of external sensors or 
command signals. Hysteresis or propor- 
tional-control capability may easily be im- 
plemented in this section. 

3. Zero-Crossing Detector— Synchronizes the 
output pulses of the circuit at the time 
when the AC cycle is at zero voltage point; 
thereby eliminating radio-frequency inter- 
ference (RFI) when used with resistive 
loads. 

4. Triac Gating Circuit— Provides high-current 
pulses to the gate of the power controlling 
thyristor. 

In addition, the CA3058 and CA3059 pro- 
vide the following important auxiliary func- 
tions (see Fig. 1): 

1 . A built-in protection circuit that may be 
actuated to remove drive from the triac if 
the sensor opens or shorts. 

2. Thyristor firing may be inhibited through 
the action of an internal diode gate con- 
nected to Terminal 1. 

3. High-power dc comparator operation is 
provided by overriding the action of the 
zero-crossing detector. This is accomplished 
by connecting Terminal 12 to Terminal 7. 

Gate current to the thyristor is continuous 
when Terminal 13 is positive with respect 
to Terminal 9. 

For an explanation of these functions see 
Operating Considerations. For de- 

tailed application information, see companion 
Application Note, ICAN-6182, "Features and 
Applications of RCA Integrated-Circuit Zero- 
Voltage Switches (CA3058, CA3059, and 
CA3079)". 

The CA3058 is supplied in a hermetic 14-lead 
dual-in-line ceramic package. Types CA3059 
and CA3079 are supplied in 14-lead dual-in- 
line plastic packages. 


Applications: 

■ Relay control ■ Heater control 

■ Valve control ■ Lamp control 

■ Synchronous switching of flashing lights 

■ On-off motor switching 

■ Differential comparator with self-contained 
power supply for industrial applications 

■ Photosensitive control 

■ Power one-shot control 



NEGATIVE TEMPERATURE COEFFICIENT 

NOTE: 

Circuitry, within shaded areas, not included in 
CA3079 

■ See chart 

A 1C = Internal Connection - - DO NOT USE 
(Terminal Restriction applies only 
to CA3079). 

Fig. 1 —Functional block diagram of CA3058, CA3059, and CA3079. 



Features I CA3058 I CA3059 I CA3079 


■ 24V, 120V, 208/230V, 277V at 50 60, or 

400 Hz operation 

■ Differential Input 

■ Low Balance Input Current (max.) -juA 

■ Built-in Protection Circuit for 

opened or shorted sensor (Term. 14) 

m Sensor Range (Rx) - k£2 

■ DC Mode (Term 12) 

■ External Trigger (Term. 6) 

■ External Inhibit (Term. 1) 

■ DC Supply Volts (max.) 

■ Operating Temperature Range -°C 

MAXIMUM RATINGS, 

Absolute-Maximum Values at 7^ = 25°C 
DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 7): 

CA3058, CA3059 14 V 

CA3079 10 V 

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 
AND 8): 

CA3058, CA3059 14 V 

CA3079 10 V 

PEAK SUPPLY CURRENT (TERMS. 5 AND 7) 

±50 mA 

OUTPUT PULSE CURRENT (TERM. 4) 

150 mA 


V 

V 

V' 

V 

V 

V 

1 

1 

2 

v/ 

V 


2 to 100 

2 to 100 

2 to 50 

V 

v/ 


n/ 

V 


V 

V 


14 

14 

10 


-55 to +125 



POWER DISSIPATION: 

Up to T a = 75°C - CA3058 700 mW 

Up to T A =55°C - CA3059.CA3079 ... 700 mW 
Above T A =75°C - CA3058 

Derate Linearly 8 mW/°C 

Above T A =55°C - CA3059,CA3079 

Derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 


Operating —55 to +125°C 

Storage —65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At a distance 1/16” ±1/32" (1.59 ±0.79 mm) 
from case for 10 seconds max +265°C 


PULSE 10 k 



92SS-425SRI 


Fig. 2(a)-DC supply voltage test circuit for 
CA3058, CA3059, and CA3079. 



AMBIENT TEMPERATURE (T A )—*C 


92CS~IS069 

Fig. 2(b)— DC supply voltage vs. ambient 

temperature for CA3058, CA3059 
and CA3079. 
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CA3058, CA3059, CA3079 


MAXIMUM 

CURRENT 

MAXIMUM VOLTAGE RATINGS atT A = 25°C RATINGS 



This chart gives the range of voltages which can be applied to the terminals listed horizontally 
with respect to the terminals listed vertically. For example, the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to —10 volts. 

Note 1 - Resistance should be inserted between Terminal 5 and external supply or line volt- 
age for limiting current into Terminal 5 to less than 50 mA. 

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting 
current into Terminal 14 to less than 2 mA. 

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should 
not be used. 

A For CA3079 (0 to -10 V). 

•Voltages are not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, if the specified voltage limits between all other terminals 
are not exceeded. 



Fig. 4— Schematic diagram of CA3058, CA3059, and CA3079. 



3 4 5 6 7 8 


EXTERNAL LOAD CURRENT <I L ) - mA 97SW257 

Fig. 2(c)— DC supply voltage vs. external load 
—current for CA3058, CA3059, and 
CA3079. 



CATE TRICCER VOLTS |V CT ) 

92SS-4258 


Fig. 3 -Gate trigger current vs. gate trigger 

voltage for CA3058, CA3059, and CA3079. 



ALL RESISTANCE VALUES ARE IN OHMS 


Fig. 5 (a)— Peak output ( pulsed ) and gate trigger 
current with internal power supply 
test circuit for CA3058, CA3059, 
and CA3079. 



92CS-IS0M 

Fig. 5(b)— Peak output current (pulsed) vs. 

ambient temperature for CA3058, 
C A 3059, and CA3079. 
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CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

TEST CONDITIONS 
T A = 25°C 

(Unless Indicated Otherwise) 

LIMITS 

UNITS 

Min. | Typ. |Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)* 

DC Supply Voltage, Vg 
Inhibit Mode 
At 50/60 Hz 

Rg = 8 k£2, l L = 0 

6.1 

6.5 

7 

V 

At 400 Hz 

Rg = 10kfi, l L = 0 

- 

6.8 

- 

V 

At 50/60 Hz 

Rg = 5 k£2, 1 = 2 m A 

- 

6.4 

- 

V 

Pulse Mode 
At 50/60 Hz 

Rg = 8 k£2, l L = 0 

6 

6.4 

7 

V 

At 400 Hz 

Rg = 10kft, l L = 0 

- 

6.7 

- 

V 

At 50/60 Hz 

Rg = 5 k£2, 1 1_ = 2 mA 

- 



V 

At 50/60 Hz (CA3058) 
See Fig. 2 


5.5 

■ 

B 

n 

Gate Trigger Current, l G y^) 
See Figs. 3 , 5 (a) 

Terms. 3 and 2 connected, 

v GT = 1 v 

- 

105 

B 

mA 

Peak Output Current (Pulsed), 

■om (4) 

With Internal Power Supply 

Term. 3 open. Gate Trigger 
Voltage (V GT ) = 0 

50 

84 


mA 

Terms. 3 and 2 connected, 
Gate Trigger Voltage (Vqj)=0 

90 

124 


mA 

With External Power Supply 
See Figs. 5, 6 

Term. 3 open, V + =12 V, V GT =0 

- 

170 

- 

mA 

Terms. 3 and 2 connected, 
V + =12 V, V GT = 0 

B 

240 

fl 

mA 

Inhibit Input Ratio, VgA/2 
All Types 

Voltage Ratio of Term. 9 to 2 

0.465 

0.485 

0.520 

_ 

CA3058 
See Fig. 7 

T a = —55 to +125°C 

0.450 

— 

0.520 

~ 

Total Gate Pulse Duration: * 
For positive dv/dt, tp 
50-60 Hz 


70 

100 

140 

ps 

400 Hz 

c EX t = o, r E xt = ” 

- 

12 

- 

ps 

For negative dv/dt, tfyj 
50-60 Hz 

C EXT = 0 

70 

100 

140 

ps 

400 Hz 
See Fig. 8 

C EXT = 0 ' R EXT = °° 


10 



Pulse Duration After Zero 
Crossing (50-60 Hz): 

For positive dv/dt, tp-j 

C EXT = 0 
R EXT = °° 

■ 

50 

■ 

ps 

For negative dv/dt, t(\j-| 
See Fig. 8 


60 


ps 

Output Leakage Current, I4 
Inhibit Mode: 

All Types 


B 

0.001 

10 

PA 

CA3058 
See Fig. 9 

T a = —55 to +125°C 

— 

— 

20 

pA 

Input Bias Current, l| 
CA3058, CA3059 


_ 

220 

1000 

nA 

CA3079 
See Fig. 10 


" 

220 

2000 

nA 


v + 



Fig. 6(a)-Peak output current (pulsed) with 

external power supply test circuit for 
CA3058 and CA3059. 



HSH2W 

Fig. 6(b)— Peak output current (pulsed) vs. 
external power supply voltage 
for CA3058 and CA3059. 



92CM-I8064 

Fig. 6(c)— Peak output current (pulsed) vs. 

ambient temperature for CA3058 
and CA3059. 
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CA3058, CA3059, CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) (Cont'd) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

TEST CONDITIONS 
T a - 25°C 

(Unless Indicated Otherwise) 

LIMITS 

UNITS 


• 

Min. 

Typ. 

Max. 


For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)* 

Common-Mode Input 
Voltage Range, V CMR 

Terms. 9 and 13 connected 

_ • 

1 .5 to 5 

_ 

V 

Sensitivity, 

(Pulse Mode) 

See Figs. 5(a), 12 

Term. 12 open 

- 

6 

- 

mV 


^Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 

* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b). 

• The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages 
of 24 V. 208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (Rg) must have 
the indicated value, shown in the chart in Fig. 1, for the specified input voltage. 



ARE IN OHMS 100 m F 92Si 

Fig. 7(a)— Input inhibit voltage ratio test 

circuit for CA3058, CA3059, and 
CA3079. 



92CS-IR067 

Fig. 7(b)-lnput inhibit voltage ratio vs. ambient 
temperature for CA3058, CA3059, 
and CA3079. 



ALL RESISTANCE VALUES NOTE: CIRCUITRY WITHIN SHADED AREA 
ARE IN OHMS NOT INCLUDED IN CA10W 


9KS-26703 

Fig. 8(a)— Gate pulse duration test circuit with 
associated waveform for CA3058, 
CA3059, and CA3079. 



Fig. 8(b)— Total gate pulse duration vs. external 
capacitance for CA3058, CA3059, 
and CA3079. 



EXTERNAL CAPACITANCE (C| EX T>)- »F 


Fig. 8(c)— Pulse duration after zero crossing vs. 
external capacitance for CA3058, 
CA3059. and CA3079. 



Fig. 8(d)— Total gate pulse duration vs. external 
resistance for CA3058 and CA3059. 
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Fig. 9— Output leakage current (inhibit mode) vs. 

ambient temperature for CA3058, CA3059, 
and CA3079. 


130 





A SENSOR RESISTANCE (A Rqn-I 


CA3058, CA3059, CA3079 



Fig. 10- Input bias current test circuit for CA3058, 
CA3059, and CA3079. 
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Fig. 12— Sensitivity vs. ambient temperature 
for CA3058, CA3059. and CA3079. 
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Fig. 13-Operating regions for built-in protection 
circuit for CA3058 and CA3059. 


Fig. 1 1— Relative pulse width and location of zero crossing for 220-volt operation for CA3058, CA3059, 
and CA3079. 

OPERATING CONSIDERATIONS 


Power Supply Considerations for CA3058, 
CA3059, and CA3079 

The CA3058, CA3059, and CA3079 are in- 
tended for operation as self-powered circuits 
with the power supplied from an AC line 
through a dropping resistor. The internal 
supply is designed to allow for some current 
to be drawn by the auxiliary power circuits. 
Typical power supply characteristics are given 
in Figs. 3(b) and 3(c). 

Power Supply Considerations for CA3058 
and CA3059 

The output current available from the internal 
supply may not be adequate for higher power 
applications. In such applications an external 
power supply with a higher voltage should be 
used with a resulting increase in the output 
level. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used, Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 

Operation of Built-in Protection for the 
CA3058, CA3059 

A special feature of the CA3058 and CA3059 
is the inclusion of a protection circuit which, 
when connected, removes power from the 
load if the sensor either shorts or opens. The 
protection circuit is activated by connecting 
Terminal 14 to Terminal 13 as shown in 
Fig. 1 . To assure proper operation of the pro- 
tection circuit the following conditions 
should be observed: 

1. Use the internal supply and limit the ex- 
ternal load current to 2 mA with a 5 k$2 
dropping resistor. 


2. Set the value of Rp and sensor resistance 
(R>() between 2 k£2 and 100 k£2. 

3. The ratio of R^ to Rp, typically, should 
be greater than 0.33 and less than 3. If 
either of these ratios is not met with an 
unmodified sensor over the entire antici- 
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 

If operation of the protection circuit is de- 
sired under conditions other than those 
specified above, then apply the data given 
in Fig. 13. 

External Inhibit Function for the CA3058 
and CA3059 

A priority inhibit command may be applied 
to Terminal 1 . The presence of at least +1 .2 V 
at 10 /iA will remove drive from the thyristor. 
This required level is compatible with DTL 
or T^L logic. A logical 1 activates the inhibit 
function. 

DC Gate Current Mode for the CA3058 
and CA3059 

Connecting Terminals 7 and 12 disables the 
zero-crossing detector and permits the flow 
of gate current on demand from the differ- 
ential sensing amplifier. This mode of opera- 
tion is useful when comparator operation is 
desired or when inductive loads are switched. 
Care must be exercised to avoid overloading 
the internal power supply when operating 
in this mode. A sensitive gate thyristor 
should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the 
gate current. 
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CA3060, CA3060A Types 


Operational TVansconductance 
Amplifier Arrays 


APPLICATIONS 

■ For tow power conventional operational amplifier 

applications 

■ Active filters ■ Multiplexers 

■ Comparators ■ Multipliers 

■ Gyrators ■ Strobing and gating functions 

■ Mixers ■ Sample and hold functions 

■ Modulators 


Generic applications of the OTA are described in ICAN- 
6668, Applications of the CA3080 and CA3080A High- 
Performance Operational Transconductance Amplifiers. 

The CA3060AD, CA3060BD, and CA3060D are supplied in 
a hermetic 16-lead dual-in-line ceramic package which can be 
operated over the full military temperature range, -55°C to 
+125°C. The CA3060E is supplied in a 16-lead dual-in-line 
plastic package and is operational from -40°C to +85°C. 



FEATURES 

■ Low power consumption - as low as 100/iW per amplifier 

■ Independent biasing for each amplifier 

■ High forward transconductance 

■ Programmable range of input characteristics 

■ Low input bias and input offset current 

■ High input and output impedance 

■ No effect on device under output short-circuit conditions 

■ Zener diode bias regulator 

RCA-CA3060AD, CA3060BD, CA3060D, and CA3060E, 
monolithic integrated circuits, are arrays of three independ- 
ent Operational Transconductance Amplifiers. This type of 
amplifier is a new circuit concept that has the generic 
characteristics of an operational voltage amplifier with the 
exception that the forward gain characteristic is best 
described by transconductance rather than voltage gain 
(open-loop voltage gain is the product of the transcon- 
ductance and the load resistance, g m R i_) . When operated into a 
suitable load resistor and with provisions for feedback, these 
amplifiers are well suited for a wide variety of operational- 
amplifier and related applications. In addition, the extremely 
high output impedance makes these types particularly well 
suited for service in active filters. 

The three amplifiers in the CA3060 family are identical 
push-pull Class A types which can be independently biased to 
achieve a wide range of characteristics for specific applica- 
tions. The electrical characteristics of each amplifier are a 
function of the amplifier bias current (IabC^- This feature 
offers the system designer maximum flexibility with regard 
to output current capability, power consumption, slew rate, 
input resistance, input bias current, and input offset current. 
The linear variation of the parameters with respect to bias 
and the ability to maintain a constant dc level between input 
and output of each amplifier also makes the CA3060 suitable 
for a variety of non-linear applications such as mixers, 
multipliers, and modulators. 

In addition; the types in the CA3060 family incorporate a 
unique Zener diode regulator system that permits current 
regulation below supply voltages normally associated with 
such systems. 


MAXIMUM RATINGS, Absolute Maximum Values at T A « 25°C 


DC Supply Voltage (between V + and V - terminals): 

CA3060AD, CA3060BD, CA3060E 36V (±18V) 

CA3060D 14 V <±7V) 

Differential Input Voltage (each amplifier): 

CA3060AD, CA3060BD, CA3060E +SV 

CA3060D +SV 

DC Input Voltage V + to V - 

Input Signal Current (each amplifier of each type): ±1 mA 

Amplifier Bias Current (each amplifier of each type) 2 mA 

Bias Regulator Input Current -5 mA 

Output Short-Circuit Duration* No limitation 


•Short circuit may be applied to ground or to either supply. 


Device Dissipation: 

Total Package of each type up to T/\ = 75°C 490 mW 

Above T a = 75°C Derate linearly 6.67 mW/°C 

Temperature Range: 

Operating - 

CA3060AD. CA3060BD, CA3060D -55 to +125°C 

CA3060E -40 to +85°C 

Storage - 

CA3060AD, CA3060BD, CA3060D, 

CA3060E -65 to+150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1 .59 +0.79 mm) 

from case for 10s max +300°C 



Fig.2— Simplified schematic diagram showing bias regulator and 
one operational transconductance amplifier for 
each type of the CA3060 family. 



92CS- 19618 92CS-I96I4 

Fig.4-lnput offset current vs. amplifier bias current Fig.5a-fnput bias current vs. amplifier Fig.5b-lnput bias current us. ambient 

bias current temperature. 
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CA3060, CA3060A Types 


ELECTRICAL CHARACTERISTICS (CA3060D) 

For each amplifier at Ta - 25°C, V+ * 6 V, V* ■ -6 V 


«IOOOe| AMBIENT TEMPERATURE (Ta)* 25*C 
jL « SUPPLY VOLTAGE :V* + » 6 V.V'^GV^ 


CHARACTERISTIC SYMBOL 


TYPICAL 
CHARACTER- ' 
ISTICS 
CURVES . 
Fig. 


LIMITS 

Amplifier Bias Current 

*ABC - 1 /IA I ABC " tOMA >ABC " 100 pA 

min.Ityp.Imax. min.Ityp.Imax. MIN.I TYP.I MAX. 




AMPLIFIER BIAS CURRENT (I AB C*— M A , 2C 

Fig.8a— Amplifier supply current (each 
amplifier ) vs. amplifier bias cur- 
rent. 


* SUPPLY V0LTAGE:V+*6V,V-— 6V 

1 1 t , v*«isy,v~— 15V | | 

-75 ^50 -25 0 25 50 75 i 

AMBIENT TEMPERATURE (T A )— »C 

Fig.8b- Amplifier supply current (each 
amplifier) vs. ambient tempera- 
ture. 



AMPLIFIER BIAS CURRENT (I ABC )—Ji a ^ 

Fig. 9- Amplifier bias voltage vs. ampli- 
fier bias current. 
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CA3060, CA3060A Types 


ELECTRICAL CHARACTERISTICS (CA3060AD. CA3060BD, CA3060E) 
For each amplifier at Ta = 25°C, V + = 15 V, V' = -15 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 

ISTICS 

CURVE 

Fig. 

LIMITS 

UNITS 

Amplifier Bias Current 

•abc-i/^a 

'ABC - 10/iA 

•ABC “ 100 PA 

MIN.jTYP. |MAX. 

MIN. | TYP. [ MAX. 

MIN. (TYP. | MAX. 

CA3060BD 

: .. . j 

CA3060AD 

CA3060BD 

CA3060E 

| STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 

3 



5 

- 

1 

5 

- 

1 

5 

mV 

Input Offset Current 

ho 

4 


3 

14 


30 

100 

- 

250 

1000 

nA 

Input Bias Current 

Mb 

5a ,b 

_ 

33 

70 

- 

300 

550 

- 

2500 

5000 

nA 

Peak Output Current 

• om 

6a, b 

1.3 

2.3 


15 

26 

- 

150 

240 

- 

PA 

Peak Output Voltage: 
Positive 

v OM + 

7 

12 

13.6 


12 

13.6 

_ 

12 

13.6 

_ 

V 

Negative 

v OM- 

12 

14.7 


12 

14.7 

- 

12 

14.7 

- 

Amplifier Supply 

Current (each amplifier) 

* A 

8a ,b 

_ 

8.5 

14 

_ 

85 

120 

_ 

850 

1200 

PA 

Power Consumption 
(each amplifier) 

P 


' _ 

0.26 

0.42 

_ 

2.6 

3.6 

. 

26 

36 

mW 

Input Offset-Voltage 
Sensitivity« : 
Positive 

^Viq/AV* 


- 

1.5 

150 


2 

150 


2 

150 

/LfV/V 

Negative 

AV| 0 /^V' 


20 

150 


20 

150 

- 

30 

150 

Amplifier Bias Voltage* 

V ABC 

9 

- 

0 54 

- 


060 


- 

0.66 

- 

V 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) i 

Forward Transconductance 
(large signal) 

921 

10a,b 

0.3 

1.55 

_ 

3 

18 


30 

102 

_ 

mmho 

Common-Mode Rejection 
Ratio 

CMRR 


70 

110 


70 

110 

_ 

70 

90 

_ 

dB 

Common-Mode Input 
Voltage Range 

V ICR 

- 

+ 12 to -12 min. 
+ 13 to -14 typ. 

♦ 12 to -12 min. 

♦ 1 3 to -14 typ. 

+ 12 to -12 min. 
+ 13 to -14 typ. 

V 

Slew Rate (Test ckt ., 
Fig. 13 ) 

SR 



0.1 



, 

_ 


8 

_ 

V//US 

Open-Loop (g21 > 
Bandwidth 

bw ol 

1 1 

_ 

20 

_ 

_ 

45 

_ 

_ 

110 

_ 

kHz 

Input Impedance 
Components: 
Resistance 

Ri 

12 

800 

1600 


90 

170 


10 

20 


kfi 

Capacitance at 1 MHz 

Cl 

- 


2.7 

- 


2.7 

- 

- 

2.7 

- 

PF 

Output Impedance 
Components: 
Resistance 

R 0 

14 


200 


- 

20 



2 


Mf2 

Capacitance at 1 MHz 

Co 

- 

- 

4.5 

- 

- 

4.5 

- 


4.5 

- 

PF 

ZENER BIAS REGULATOR CHARACTERISTICS (at T A =250C,l2 = 0.1 mA) j 

Voltage 

V Z 

15 

Temp. Coeff. = 3mV/°C 

MIN. 

TYP. 

MAX. 


62 

6.7 

7.9 

V 

Impedance 

I 




200 

300 

n 


* Temperature-Coefficient; -2.2 mV/°C (at V AB c - 0.54 V, l/^gc = V + is reduced to 13 volts for V + sensitivity 

1 pA; -2.1 mV/°C (at V AB c = 0.060 V. I AB £ ' 10 pA): -1.9 V is reduced to -13 volts for V - sensitivity 

mV/°C (at V ABC = 0.66 V. I ABC - 100 pAI <b> V + sens.tiv.ty ,n pMiM - Vo(f * Ct ' Vo<fset >of * 13 V aod ~ 15 V Supp lieS 

■ Conditions for Input Offset Voltage and Supply Sensitivity : 1 volt 

(a) Bias current derived from the regulator with an appropriate ... _ Volfset • Voffset for -13 V and +15 V supplies 

resistor connected from terminal No. 1 to the bias terminal on v * en S'tivity in pv/v - ^ vo(t 

the amplifier under test — 



Fig. tOa- Forward transconductance vs. 
amplifier bias current. 



Fig. 10b- Forward transconductance vs. 
ambient temperature. 



Fig.11 -Forward transconductance vs. 
frequency. 



Fig. 12-Input resistance vs. amplifier bias 
current. 



V£ is measured between terminals 1 and 8. 
Vabc ' s measurec l between terminals 15 and 8. 


H V h .jVj.lU l , r abc .vz^vabc 

>2 'ABC 

Supply Voltage: for both ±6 V and ±15 V. 


TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

'ABC 

SLEW 

RATE 

'2 

r ABC 

R S 

r F 

«B 

R c 

Cc 

PA 

Mips 

PA 

ohms 


100 

8 

200 

62 k 

100k 

100k 

51k 

100 

0.02 

10 

1 

200 

620k 

1M 

1M 

510k 

Ik 

0.005 

1 

0.1 

2 

6.2M 

10M 

10M 

5.1 M 

00 

0 


Fig. 13-Slew rate test circuit for amplifier No. I of CA3060. 
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CA3060, CA3060A Types 



Fig. 14-Output resistance vs. amplifier bias current. Fig. 15— Bias regulator voltage vs. bias regulator current. 



Fig. 16 - Complete schematic diagram showing one 
OPERATING CONSIDERATIONS 
The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli- 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon- 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 
circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 

Bias Considerations for Op-Amp Applications 
The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
Iabc- This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 


the three operational transconductance amplifiers. 

In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 

The design of atypical operational amplifier circuit (See Fig. 
17) would proceed as follows: 



Fig. 17-20-dB amplifier using the C A 3060. 

Circuit Requirements 

Closed loop voltage gain = 10 (20 dB) 

Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input voltage = ±50 mV 
Input resistance = 20 kS7 
Load resistance = 20 k£2 
Device: CA3060 
Calculation 

1 . Required transconductance g 2 i . 

Assume that the open loop gain Aql must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 


921 = A OL/ R L 
= 100/18 k£2 
2s 5.5 mmho 

(R(_ = 20 kft in parallel with 200 k£2 
s 18 kJ2> 

2. Selection of suitable amplifier bias current. 

The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 
the amplifier will provide sufficient gain. For the required 
g 2 i of 5.5 mmho an amplifier bias current l/\BC of 20 
is suitable. 

3. Determination of Output Swing Capability. 

For a loop gain of 10 the output swing is ±0.5 V and the 
peak load current 25 pA. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for Rg = 20 k!2 than Rp = 200 k^ if Aq l = 
10. Therefore, the feedback loading = 0.5/200 k£2 = 2.5 pA. 

The total amplifier current output requirements are, 
therefore, ±27.5 pA. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 pA the 
amplifier output current is ±40 pA. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current IabC- 

4. Calculation of bias resistance. 

For minimum su pply current drain the amplifier bias current 
Iabc shou| d be fed directly from the supplies and not 
from the bias regulator. The value of the resistor Rabc 
may be directly calculated using Ohm's law. 


V SUP • V ABC 

Rabc w — 


D _ 12-0.63 
R ABC- 20 x 10-6 


= 568.5 kft or s 560 kfi 

5. Calculation of offset adjustment circuit. 

In order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 

i.e. g°»200»’° B °hms al8kn 
220 x 10 3 


Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 

(i.e. 200 x 10' 9 x 18 x 10 3 volts ^therefore, 
the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 
The current necessary to provide this offset is 


8.6 x IQ' 3 
18 x 10 3 


or 0.48 pA 


With a supply voltage of ±6 V, this current can be provided 
by a 10 Mft resistor, However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 
was used in the final circuit. 


OTHER CONSIDERATIONS 


Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must aiways be considered because of its adverse 
effect on frequency response and stability. For example a 
10-kS2 load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-kft 15-pF 
load modifies the frequency characteristic. 
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CA3060, CA3060A Types 



Circuit Description 

Fig. 20 shows the block diagram of a tri-level comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper-limit and lower- 


Fig. 18— Effect of capacitive loading on frequency response. 



Active Filters — Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3-pF capacitor function as a floating 10-kijohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100-kilohm potentiometer, 
across V+ and V‘, tunes the inductor by varying the g2i of 
the OTAs, thereby changing the gyration resistance. 


Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, IabC ( see Fi 9- 6a >* the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the Iqm- Therefore, 

SR=dV/dt = l 0M /CL 

where C|_ is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 


Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 


TRI-LEVEL COMPARATOR 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-level comparator has three adjustable limits. If either the 
upper or lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 





SLEW RATE (V/^s) 92cs . 

Fig. 19-Effect of load capacitance on slew rate. 


Fig. 20- Functional block diagram of a tri-level comparator. 
limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter- 
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower-limit flip-flop. The activated 
flip-flop retains its state until the third comparator (inter- 
mediate-limit) in the CA3060 initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 
CA3086 transistor-array IC’s, with circuitry to provide 
separate "SET" and "POSITIVE OUTPUT" terminals. 

The circuit diagram of a tri-level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by ±6-volt supplies and the built-in regulator provides 
amplifier-bias-current OabC* to the three am P lifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal (Eg) is applied to the 
three comparators via terminals 5, 12, and 14. The "SET" 
output lines trigger the appropriate flip-flop whenever the 
input signal reaches a limit value. When the input signal 
returns to an intermediate-value, the common flip-flop 
"RESET" line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 



Fig. 22-Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 
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Fig.21- Tri-level comparator circuit . 
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Fig.23-Three-channel multiplexer. 


THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N138 MOS/FET as a buffer 
and power amplifier. 

When the CA3060 is connected as a high-input impedance 
voltage follower, and strobe “ON," each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 

current (> ABC^ terminal of each amplifier should be 
decreased to maintain 100 pA of strobe-“ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a single 390J2 
resistor and a 1000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 volts/psec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 
AM Modulator (Two-Quadrant Multiplier) 

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input, Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to VT 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negative 
only in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I ABC are zero - 
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Fig.24— Two-quadrant multiplier circuit using the CA3060 


with associated waveforms. 


Four-Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows: 

l 0 (1) = l-V x ] [g 21 (1)l (Eq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

l 0 (2) = 1+V X ] lg 21 (2)1 (Eq.4) 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

VO = v X r L 1921^- 921<D1 (E ^- 5 > 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g 2 i is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 
(V-) + Vy 

'ABC(2) % r 7"~ (Ec >- 6) 

Hence, 

921 (2) = k l (V-) + V Y 1 - (Eq. 7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. • ABC(1 )• therefore, varies inversely with Vy. 
And by the same reasoning as above 

g 2 1 (1 ) 55 k l(V-) - Vy) . (Eq. 8) 

Combining equation 5, 7, and 8 yields: 

V 0 ^V X • k • R l |[(V-) + Vy] - [(V-) - VylJ or 
V 0 ^2kR L V x Vy 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No. 2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No. 1 to zero by 
means of the 100-k£2 potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No. 1 and permits 
Amplifier No. 2 to be zeroed with the other potentiometer. 
With AC signals on both the X and Y input, R3 and Rl 1 are 
adjusted for symmetrical output signals. Fig. 27 shows the 


output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
1-kHz carrier with a triangular wave. 



Fig. 25- Four -quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 



Fia.26-Tvoica! four-auadrant multiplier circuit. 



Fig.27-Voltage waveforms of four-quadrant multiplier 
circuit. 
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CA3075 


FM IF Amplifier • Limiter, 

Detector, and Audio Preamplifier 

For FM IF Amplifier Applications Up To 20 MHz In 
Communications Receivers And High-Fidelity Receivers 


Features: 

e Good sensitivity: Input limiting voltage (knee) = 250 //.V typ. at 10.7 MHz 
e Excellent AM rejection: 55 dB typ. at 10.7MHz 
e Internal Zener diode regulation for the IF amplifier section 
e Low harmonic distortion 

e Differential peak detection: Permits simplified single-coil tuning 

• Audio preamplifier voltage gain: 21 dB typ. 

• Minimum number of external parts required 



Fig. 1 -Block diagram of typical FM receiver utilizing the CA30 75 


RCA CA3075 is an integrated circuit which provides, 
in a single monolithic chip, an FM IF' subsystem for 
Communications and High-Fidelity Receivers This de- 
vice, shown in the schematic diagram (Fig. 2), con- 
sists of a multistage IF amplifier-limiter section with 
a Zener regulated power supply, an FM detector stage, 
and an AF preamplifier section. A typical application 
of the CA3075, in FM receiver circuits, is shown in the 
block diagram (Fig. 1). 

The three-stage, emitter-follower-coupled IF amplifier 
section provides a 60-dB typ. voltage gain at an operat- 
ing frequency of 10.7 MHz and features, because of its 
transistor constant-current sink, an output stage with 
exceptionally good limiting characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values at T ^ = 25°C 


DC Supply Voltage [between Terminals 5 (V + ) and 3 (V - )} 

12.5 

V 

DC Current (into Terminal 5) 

30 

mA 

Device Dissipation: 



Up to T a = 50° C 

760 

mW 


Above T a = 50°C derate linearly 7.6 mW/°C 

Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage - 65 to + 150 °C 

Lead Temperature (During soldering for 10 b max.) +265 °C 


The FM detector section, which utilizes a differential- 
peak-detection circuit, requires only a single coil in the 
associated outboard detector circuit: hence, tuning the 
detector circuit is a simple procedure. 

The audio preamplifier circuit provides a 21-dB voltage 
gain with low impedance output for driving subsequent 
audio amplifier stages. 

The CA3075 utilizes a 14-lead dual-in-line plastic pack- 
age with leads in a special quad-formed arrangement. 



Fig. 2 ■ Test Circuit for input limiting voltage, recovered 
AF voltage, and total harmonic distortion 
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CA3075 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

MIN. 

JMITS 

TYP. 

MAX. 

UNITS 

TEST 
CIRCUIT 
FIG. NO. 

Static Characteristics 







DC Voltage: 

At Terminal 7 V 7 

At Terminal 8 Vg 

At Terminal 12 Vj 2 

DC Current (into Terminal 5): 

At V + =8.5V 

At V + = 11.2 V *5 

At V» = 12.5 V 

Dynamic Characteristics at V + = 11.2 



IF AMPLIFIER 

Input Limiting Voltage 
(knee, - 3dB point) 

V| (lim) 

f 0 = 10.7 MHz 
t (Modulation) = 400 Hz 
Deviation = ±75 kHz 

- 

250 

600 

/*V 

3 

AM Rejection 

AMR 

f 0 = 10.7 MHz 
f (Modulation) =400 Hz 
FM: Deviation = ±75 kHz 
AM: Modulation = 30% 

- 

55 

- 

dB 

5 

Input Impedance Components: 
Parallel Resistance 

R| 

f 0 = 10.7 MHz 


4.5 


kn 


Parallel Capacitance 

C| 

V| N = 10 mV RMS 

- 

4.5 

- 

PF 


DETECTOR 

Recovered AF Voltage (at 
Terminal 12) 

V 0 (AF) 

f 0 = 10.7 MHz 
f (Modulation) = 400 Hz 


1.5 


V 

3 

Total Harmonic Distortion 

THD 

Deviation = ± 75 kHz 

- 

1 

2 

% 


AUDIO PREAMPLIFIER 
Voltage Gain 

A(AF) 

V m = 100mV,f O = 400 Hz 

_ 

21 

_ 

dB 

4 

Total Harmonic Distortion 

THD 

v OUT = 2 V.fo=400Hz 

- 

1.5 

5 

% 

4 



Fig.4 — Test circuit for audio preamplifier voltage gain 
and total harmonic distortion 




Fig.5 — Test circuit for AM rejection 


Fig . 6-Test circuit for static characteristics 
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CA3076 

High-Gain Wide-Band 
IF Amplifier-Limiter 

For FM IF Amplifier Applications 
in Communications Receivers 

RCA CA3076, monolithic integrated circuit, is a high- 
gain wide-band amplifier-limiter for use in the IF sec- 
tions of Communications and High-Fidelity FM Receivers. 
The CA3076, shown in the schematic diagram (Fig. 2), 
consists of a four stage IF amplifier-limiter section 
with a voltage regulator section. A typical application 
of the CA3076 in FM receiver circuits is shown in the 
block diagram (Fig. 1). 

The four-stage emitter-follower-coupled IF amplifier 
section provides an 80-dB voltage gain with a 2-kilohm 
load at a frequency of 10.7 MHz. The output stage has 
exceptionally good limiting characteristics because of 
its transistor constant-current sink. The voltage re- 
gulator section provides zener-regulated, decoupled volt- 
ages for the IF amplifier. 

The CA3076 utilizes an hermetically-sealed 8-lead TO-5 
package. 



92SS-4S69 


Fig. 1 - Block diagram of typical FM receiver utilizing the CA3076. 

Features: 

• exceptionally good sensitivity: input limiting voltage (knee) =*50 /xV 
typ. at 10.7 MHz 

• high gain: 80 dB with 2-kilohm load 
e internal voltage supply regulator 

• wide frequency capability: > 20 MHz 


MAXIMUM RATINGS, Absolute Maximum-Values at T A = 25° C 

DC Supply Voltage [between Terminals 7 (V + ) and 3 (V“)] 15 V 

DC Current (into Terminal 7) 35 mA 

Device Dissipation: 

Up to T a = 50° C 500 mW 

Above T a = 50° C derate linearly 5 mW/°C 

Ambient Temperature Range: 

Operating - 55 to + 125 °C 

Storage - 65 to + 150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) from seating plane 

for 10 s max + 265 °C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 

LIMITS 

UNITS 

CONDITIONS 

MIN. 

TYP. 

MAX. 




Static Characteristics - V + = 8.5 V 

OC Current (into Term. 7) 


- 

10 

15 

24 

mA 

Quiescent Operating Current 
(into Term. 4) 

<4 

- 

- 

0.65 

- 

mA 

Dynamic Characteristics - V + 

8.5 V, f 0 = 10.7 MHz 





Input Limiting Voltage (knee, 
- 3dB point) 

V| (lim.) 

- 

- 

50 

200 

/xV 

Output Voltage 

v 0 

V| =20//V 

4 

12 

- 

mV 

Output Noise Voltage 

Vn 

V| =0 

- 

1 

- 

mV 

Forward Transfer Admittance: 







Magnitude 

M 

V| = 

- 

S 

- 

mho 

Phase 

021 

10/zV 

- 

80 

- 

degrees 

Reverse Transfer Admittance: 







Magnitude 

M 


- 

0.1 

- 

/imho 

Phase 

012 


- 

-90 

- 

degrees 

Input-Impedance Components: 







Parallel Resistance . 

R| 


- 

7.5 

- 

kfi 

Parallel Capacitance 

C| 


- 

4 

- 

PF 

Output-Impedance Components: 







Parallel Resistance 

Ro 


50 

- 

- 

kQ 

Parallel Capacitance 

Co 


- 

1.7 

- 

PF 



1HW5S4 


Fig. 2- Forward transfer admittance (Y2j) 
test circuit 



Fig. 3 - Test circuit for DC current (Terminal 7) 
and operating current (Terminal 4). 
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CA3076 


s 

< 

"6 T 

R lO< 

> \y 


’2.58 J 

860 5 

1 — K 

] 

k° 6 

J 

R 3S 


! <«7 


ki 200 > i/ 


1 <200 , 
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Notes: 

Terminal No. S wire-connected to the case. 

Terminals No. 3 ond 6 which ore connected to the substrate 
should be connected to the most negotive point in the circuit. 
The resistance values included on the schematic diagram 
hove been supplied as a convenience to assist Equipment 
Manufacturer 1 s in optimizing the selection of “outboard” 
components of equipment designs. The values shown may 
vary as much as 1-30%. 

RCA reserves the right to make any changes in the Resist- 
ance Values provided such changes do not adversely affect 
the published performance characteristics of the device. 


Fig. 4 - Schematic diagram of CA3076. 




Fig. 5- 10.7 MHz voltage gain and noise test circuit 
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CA3078, CA3078A Types 

Micropower Operational Amplifier 


The RCA CA3078T and CA3078AT are high-gain 
monolithic operational amplifiers which can deliver milli- 
amperes of current yet only consume microwatts of standby 
power. Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078T and CA3078AT provide 
the designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1.5-volt battery is a practical 
reality with these devices. 

The CA3078AT is a premium device having a supply voltage 
range of V s .= 0.75V to V ± = 15V and an operating 
temperature range of -55°C to +125°C. The CA3078T has 
the same lower supply voltage limit but the upper limit is V + 
+6V and V“ = -6V. The operating temperature range is from 
0°C to +70°C. 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


The CA3078 and CA3078A are supplied in either the 
standard 8lead TO-5 package ("T" suffix), or in the 


■ Low standby power: as low as 700 nW 1 
» Wide supply voltage range: ±0.75 to ±15 V 1 


8-lead dual-in-line formed-lead "DIL-CAN" package ("S" ■ High peak output current: 6.5 mA min. 

suffix). ■ Adjustable quiescent current 

■ Output short-circuit protection 


MAXIMUM RATINGS, Absolute Maximum Values at T ^ = 25°C 

DC Supply Voltage (between V + and V' terminal 

Differential Input Voltage 

DC Input Voltage 

Input Signal Current . . 

Output Short-Circuit Duration* 

Device Dissipation 

Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering) : 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10s max. 


CA3078AT 

CA3078T 

36V 

14V 

±6V 

±6V 

V + to V 

V + to V 

0.1 mA 

0.1 mA 

No Limitation 

No Limitation 

50 mW (up to 1 25°C) 

500 mW (up to 70°C) 

-55 to +125°C 

0 to +70°C 1 

•65 to +150°C 

-65 to +150°C 

+300°C 

+300°C 


•Short circuit may be applied to ground or to either supply. 1 

k T ypes CA3078S and T can be operated over the temperature range of -55 to +1 25° C, although 
the published limits for certain electrical specifications apply only over the temperature range of 
O to 70° C. 


CHARACTERISTICS SYMBOLS 


Input Offset Voltage Vjq 

Input Offset Current Ijq 

Input Bias Current 1 1 g 

Open-Loop Diff. Voltage Gain Aq l 

Total Quiescent Current Iq 

Device Dissipation Pq 

Maximum Output Voltage v OM 

Common-Mode Input Voltage V ICR 

Range 

Common-Mode Rejection Ratio CMRR 

Maximum Output Current * OM or *OM 

Input Offset Voltage Sensitivity 

Positive -AV|o /-W ( 


Input Offset Voltage 
Open-Loop Diff. Voltage Gam 
Total Quiescent Current 
Device Dissipation 
Maximum Output Voltage 
Common-Mode Rejection Ratio 
Input Bias Current 
Input Offset Current 


Compensation Techniques 

The CA3078AT and CA3078T can be phase-compensated 
with one or two external components depending upon the 
closed-loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from terminal 1 to terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation necessary at 
quiescent currents of 20 p A and 100 juA, respectively, for a 
transient response with 10% overshoot. Figs. 21 and 22 show 
the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 


TEST 

CONDITIONS 
V + I 

8 1 Rg R l 

V K il K n 

4 <10 



Compensation can also be accomplished with a single 
capacitor connected from terminal 1 to terminal 8, with 
speed being sacrificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 20 /jA and 
100/tA. 

Single Supply Operation 

The CA3078AT and CA3078T can operate from a single 
supply with a minimum total supply voltage of 1.5 volts. 
Figs. 27 and 28 show the CA3078AT or CA3078T in 
inverting and non-inverting 20-dB amplifier configurations 
utilizing a 1.5-volt type "AA" cell for a supply. The total 
power consumption for either circuit is approximately 675 
nanowatts. The output voltage swing in this configuration is 
300 mV p-p with a 20 kfi load. 



Fig. 1 - Functional diagram of the CA3078T 
and C A 3078 A T. 
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CA3078, CA3078A Types 



Typical Values Intended Only for Design Guidance at T A = 25°C and V + » +6 V, V“ = 6 V 


CHARACTERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

CA3078AT 

CA3078T 

UNITS 

R set = 5.1 Mf2 

•Q-20MA 

R SET = 1 M ^"2 
l Q = 100 /JA 

R SET = 1 
l Q = 100 /JA 

Input Offset Voltage Drift 

Av,o/At a 

H S vJO Kf> 

5 

6 

6 

jUV/°C 

Input Offset Current Drift 

Av, 0 /At a 

R s - JO K P. 

G 3 

70 

70 

pA/°C 

Open-Loop Bandwidth 

BWql 

3dB pt 

0 3 

2 

2 

kH* 

Slew Rate: 
Unity Gain 



0 027 

0.04 



Comparator 

0 5 

1.5 


Transient Response 



3 

2 5 

2.5 

/A 




7.4 

1.7 

0.87 

Mil 

| Output Resistance 

*0 


HHUHH 

0 8 

0.8 


IdalllMIlMlllk'NlMWA’llFUI'-a 

e N (10H<rl 

R S 0 . 



25 



i n (10H2| 

RS 1 Mil 

0 25 

- 

1 



ELECTRICAL CHARACTERISTICS, at T A - 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOLS 

TYPICAL VALUES 

UNITS 

CA3078AT 

CA 

3078T 

V* = + 1.3V, 
V'=-1.3V 
R SET = 2Mf! 
I Q = 10/JA 

V + = ♦0.75V. 

V“ = -0.75V 
r set = 10 MP. 

I Q = 1 pA 

V + = ♦ 1 ,3V, 
V“= -1.3 V 
R set = 2 M 9. 
I Q = 10/jA 

V + = 0 75V. 
V _ = -0.75V 

r set • 10M -°- 
i Q * i/^a 

V IO 

0.7 

0.9 

1.3 

1.5 

mV 

!io 

0.3 

CTU53 

1 7 

0.5 

n A 

1 B 

3.7 

0 45 

9 

1.3 

nA 

a ol 

84 

65 

80 

GO 

dB 

■q 

It) 

1 

"TO" 

1 

jLtA 

P D 

26 

1.5 

26 

1 5 

jUW 

v OPP 

1 4 

0.3 

1 4 

0.3 

V 


-0.8 

-0.2 

-0.8 

-0.2 


V ICR 

to 

to 

to 

to 



+1.1 

+0.5 

+1.1 

+0.5 


CMRR 

100 

90 

100 

90 


'OM 1 

12 

0 5 

12 

0.5 


AV, Q/AVi 

20 

50 

20 

50 

/iV. v 


SUPPLY VOLTS V + -+6,V“*-6 
AMBIENT TEMPERATURE <T A »'25*C 
SOURCE RESISTANCE (R S ) < 10 Kft 


TOTAL QUIESCENT MICROAMPERES tl 0 ) 


92CS-I9632 

Fig. 3 - Input offset voltage vs. total quiescent Current. 



Fig.4 - Input offset current vs. total quiescent current. 





Fig. 5 - Input bias current vs. total quiescent current. 



92CS-I9629 

Fig. 6 - Open loop voltage gain vs. total quiescent current. 
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CA3078, CA3078A Types 
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Fig. 18 - Equivalent input noise voltage vs. frequency. 


Fig. 19 - Equivalent input noise current vs. frequency. 


Fig. 20 - Slew rate vs. closed-loop gain 
for Iq = 100 HA- CA3078T. 
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Fig.2t — Slew rate vs. closed-loop gain 
for !q = 20 llA - CA3078A T. 


Fig.22 - Transient response and slew-rate, 
unity gain ( inverting ) test circuit. 


Fig. 23 — Slew, rate, unity gain (non-inverting) test circuit. 
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CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9: 


Fig.24 - Phase compensation capacitance 
vs. closed-loop gain - CA3078T. 


Table I - Unity-gain slaw rata vs. compensation - CA3078T and CA3078AT 


SUPPLY VOLTS: V + - 6, V - -6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT 

VOLTAGE of 100 mV 

OUTPUT VOLTAGE (V Q ) - ±5V AMBIENT TEMPERATURE (T A ) = 25°C 

LOAD RESISTANCE (RJ - 10 k£2 


COMPENSATION 

TECHNIQUE 

CA3078T — l Q = lOO^lA 

UNITY GAIN (INVERTING) Fig. 22 

UNITY GAIN (NON-INVERTING) Fig. 23 

R1 

Cl 

R2 

C2 

SLEW 

RATE 

R1 

Cl 

R2 

C2 

SLEW 

RATE 


PF 

kft 

MF 

V//is 

kS2 

PF 

kS2 

^F 

V//Js 

Single Capacitor 

0 

750 

OO 

0 

0.0085 

0 

1500 

oo 

0 

0.0095 

Resistor & Capacitor 

3.5 

350 

oo 

0 

0.04 

5.3 

500 

oo 

0 

0.024 

Input 

oo 

0 

0.25 

0.306 

0.67 

oo 



0.311 

0.45 

0.67 

CA3078AT — l Q = 20 fiA 




Single Capacitor 

0 

300 

oo 

0 

0.0095 

0 

800 

oo 

0 

0.003 

Resistor & Capacitor 

14 

100 

oo 

0 

0.027 

34 

125 

oo 

0 

0.02 

Input 

oo 

0 

0.644 

0.156 

0.29 

oo 

0 

0.77 

0.4 

0.4 



CLOSED-LOOP NONINVERTING VOLTAGE GAIN dB 

0 6 iai 297 40 5 0 60 70 80 90 

CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9590 




Fig.25 — Phase compensation capacitance 
vi. closed-loop gain - CA3078AT. 


Fig. 27 — Inverting 20-dB amplifier circuit. 


Fig. 28 - Non-inverting 20-dB amplifier circuit. 
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CA3080, CA3080A Types 


Operational Transconductance 
Amplifiers (OTA’s) 


Gatable-Gain Blocks 

The RCA-CA3080 and CA3080A types are 
Gatable-Gain Blocks which utilize the unique 
operational-transconductance-amplifier(OTA) 
concept described in Application Note ICAN : 
6668, “Applications of the CA3080 and 
CA3080A High-Performance Operational 
Transconductance Amplifiers". 

The CA3080 and CA3080A types have 
differential input and a single-ended, push- 
pull, class A output. In addition, these 
types have an amplifier bias input which 
may be used either for gating or for linear 
gain control. These types also have a high 
output impedance and their transconduc- 
tance (g m ) is directly proportional to the 
amplifier bias current (lABC)- 
The CA3080 and CA3080A types are not- 
able for their excellent slew rate (50 V/jus), 
which makes them especially useful for 
multiplex and fast unity-gain voltage fol- 
lowers. These types are especially applicable 
for multiplex applications because power 


is consumed only when the devices are in 
the “ON" channel state. 

The CA3080A is rated for operation over 
the full military-temperature range (-55 to 
+125°C) and its characteristics are specifi- 
cally controlled for applications such as 
sample-hold, gain-control, multiplex, etc. 
Operational transconductance amplifiers are 
also useful in programmable power-switch 
applications, e.g., as described in Application 
Note ICAN-6048, “Some Applications of a 
Programmable Power Switch/Amplifier" (CA- 
3094, CA3094A, CA3094B). 

These types are supplied in the 8-lead TO-5 
style package (CA3080, CA3080A), and in 
the 8-lead TO-5 style package with dual-in- 
line formed leads ("DIL-CAN", CA3080S, 
CA3080AS). The CA3080 is also supplied 
in the 8-lead dual-in-line plastic (MINI-DIP") 
package (CA3080E), and in chip form 
(CA3080H). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (Between V+ and V“ terminals) . . 36 V 

DIFFERENTIAL INPUT VOLTAGE ±5 V 

DC INPUT VOLTAGE . V + to V“ 

INPUT SIGNAL CURRENT 1mA 

AMPLIFIER BIAS CURRENT 2 mA 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION . 125 mW 

TEMPERATURE RANGE: 

Operating 

CA3080, CA3080E, CA3080S 0 to + 70 °C 

CA3080A, CA3080AS -55 to + 125 °C 

Storage . . . . -65 to + 1 50 °C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 

from case for 1 0 s max + 265 °C 


Features: 

■ Slew rate (unity gain, compensated): 50 V/jus 

■ Adjustable power consumption: 10/iW to 30 mW 

■ Flexible supply voltage range: ± 2 V to ± 15 V 

■ Fully adjustable gain: 0 to g m R|_ 

■ Tight g m spread: CA3080 (2:1), CA3080A (1.6:1) 

■ Extended g m linearity: 3 decades 

Applications: 

■ Sample and hold 

■ Multiplex 

■ Voltage follower 

■ Multiplier 

■ Comparator 





NOTE: PIN 4 IS CONNECTED TO CASE 
TOP VIEW 97CS-Z47 

TO-5 Style Package 



TOP VIEW 

92C3-2477I 


Plastic Package (CA3080E) 

Fig. 1 — Functional diagrams. 


* Short circuit may be applied to ground or to either supply. 



92CS-I7587 

Fig.2 — Schematic diagram for CA3080 
and CA3080A. 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS FOR THE CA3080 AND CA3080A 



Fig. 3 — Input offset voltage as a function of 


amplifier bias current. 



I Z 4 » 0| Z 4 6 O | z 4 6 0 I Z 4 6 0| 

0.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES <I ABC > 


92CS-I75B9 

Fig. 4 — Input offset current as a function of 
amplifier bias current 
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CA3080, CA3080A Types 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 




TEST CONDITIONS 


CA3080 



CHARACTERISTIC 


V + = 15 V, V-= -15 V 
lABC = 500 mA 
T A = 25°C 
(unless indicated 

otherwise) 


CA3080E 

CA3080S 

LIMITS 

UNITS 



Min. 

Typ. 

Max. 


Input Offset Voltage 

V|0 


- 

0.4 

5 

mV 

Ta = 0 to 70°C 

- 

- 

6 

Input Offset Current 

*10 


- 

0.12 

0.6 

pA 

Input Bias Current l| 


- 

2 

5 

pA 

T A = 0 to 70°C 

- 

- 

7 

Forward Transconductance 

9m 


6700 

9600 

13000 

/imho 

(large signal) 

Ta = Oto 70°C 

5400 

- 

- 

Peak Output Current 

I*omI 

rl = o 

350 

500 

650 

pA 

RL = O.Ta = Oto 70°C 

300 

- 

- 

Peak Output Voltage: 
Positive 

V + OM 


12 

13.5 

_ 


Negative 

V“0M 

n L 

-12 

-14.4 

- 


Amplifier Supply Current 

'A 


0.8 

1 

1.2 

mA 

Device Dissipation 

PD 


24 

30 

36 

mW 

Input Offset Voltage Sensitivity: 

Positive AV|o/AV + 


_ 

_ 

150 

/iV/V 

Negative AV|q/AV - 


- 

- 

150 

Common-Mode Rejection Ratio 

CMRR 


80 

110 

- 

dB 

Common-Mode Input-Voltage 
Range 

V|CR 


12 to 
-12 

13.6 to 
-14.6 

_ 

V 

Input Resistance 

R| 


10 

26 

- 

k£2 

ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 

CA3080 

CA3080E 

CA3080S 


Input Offset Voltage 

V|0 

l A BC = 5 ^ A 

0.3 

mV 

Input Offset Voltage Change 

|AV| 0 | 

•ABC = 500 juA to 
lABC = 5/iA 

0.2 

mV 

Peak Output Current 

>OM 

’ABC = 5juA 

5 

pA 

Peak Output Voltage: 
Positive 

V + OM 

1 ABC = 5/iA 

13.8 

y 

Negative 

0 

1 

> 

-14.5 


Magnitude of Leakage Current 

lABC = 0. Vjp = 0 

0.08 

nA 

lABC = 0, Vjp = 36 V 

0.3 

Differential Input Current 

lABC = 0. VoiFF = 4V 

0.008 

— 

Amplifier Bias Voltage 

VABC 


0.71 

V 

Slew Rate: 

Maximum (uncompensated) 

CD 


75 

V//is 

| Unity Gain (compensated) 


50 

Open-Loop Bandwidth 

BWol 


2 


Input Capacitance 

C| 

f = 1 MHz 

3.6 

pF 

Output Capacitance 

Co 

f = 1 MHz 

5.6 

pF 

Output Resistance 

Ro 


15 


Input-to-Output Capacitance 

C l-0 

f = 1 MHz 

0.024 

pF i 


TYPICAL CHARACTERISTICS CURVES AND 
TEST CIRCUITS (Cont'd) 


10 6 

SUPPLY volts: v+ 
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V- 
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Fig.5 — Input bias current as a function of 
amplifier bias current. 
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Fig. 6 — Peak output current as a function of 
amplifier bias current. 



Fig. 7 — Peak output voltage as a function of 
amplifier bias current. 



Fig. 8 — Amplifier supply current as a function of 
amplifier bias current. 
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CA3080, CA3080A Types 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTIC 

TEST CONDITIONS 

CA3080A 

CA3080AS 

LIMITS 

UNITS 

V+= 15 V, V“= -15 V 
1 ABC = 500 pA 
T A « 25°C 
(unless indicated 
otherwise) 

Min. 

Typ. 

Max. 

Input Offset Voltage V|Q 

•ABC = 5/iA 

- 

0.3 

2 

mV 


- 

0.4 

2 

T A = -55 to + 1 25°C 

- 

- 

5 

Input Offset Voltage Change |AV|0 1 

1 ABC = 500 pA to 
lABC = 5pA 

- 

0.1 

3 

mV 

1 nput Offset Current 1 1 o 


- 

0.12 

0.6 

pA 

Input Bias Current l| 


- 

2 

5 

MA 

T A = -55 to + 125°C 

- 

- 

8 

Forward Transconductance 
(large signal) 9m 


7700 

9600 

12000 

pmho 

T A = -55 to + 1 25°C 

4000 

- 

- 

Peak Output Current pOM | 

lABC = 5 pA, Rl = 0 

3 

5 

7 

pA 

R[_ = 0 

350 

500 

650 

Rl = 0,Ta = — 55to+125°C 

300 

- 

- 

Peak Output Voltage: 

Positive V+om 

lABC = 5pA 
Rj_ = °° 

12 

13.8 


V 

Negative V~om 

-12 

-14.5 

- 

Positive V + om 

Rl = 00 

12 

13.5 

- 

Negative V“oM 

-12 

-14.4 

- 

Amplifier Supply Current l/\ 


0.8 

1 

1.2 

mA 

Device Dissipation Pq 


24 

30 

36 

mW 

1 nput Offset Voltage Sensitivity: | 

Positive AV|o/AV + 




150 

pV/V 

Negative AV|o/AV - 

- 

- 

150 

Magnitude of Leakage Current 

lABC = 0 , v T p = 0 

- 

0.08 

5 

nA 

•ABC = 0, Vjp = 36 V 

- 

0.3 

5 

Differential Input Current 

•ABC = 0, V D |FF = 4 V 

- 

0.008 

5 

nA 

Common-Mode Rejection Ratio CMRR 


80 

110 

- 

dB 

Common-Mode In put- Voltage ... 
Range V »CR 


12 to 
-12 

13.6 to 
-14.6 

- 

V 

Input Resistance R| 


10 

26 

- 

kn 


ELECTRICAL CHARACTERISTICS CA3080A 

Typical Values Intended Only for Design Guidance CA3080AS 


Amplifier Bias Voltage 

Vabc 


0.71 

V 

Slew Rate: 

Maximum (uncompensated) 



75 

V/ps 

Unity Gain (compensated) 



50 

Open-Loop Bandwidth 

bw 0 l 

- 

2 

MHz 

Input Capacitance 

C| 

f = 1 MHz 

3.6 

pF 

Output Capacitance 

GO 

f = 1 MHz 

5.6 

pF 

Output Resistance 

Ro 


15 

Mfi 

Input-to-Output Capacitance 

C|-0 

f = 1 MHz 

0.024 

PF 

Input Offset Voltage 
Temperature Drift 

AV| 0 /AT 

•ABC = 100 pA, 

T A = -55to+125°C 

3 

pV/°C 


TYPICAL CHARACTERISTICS CURVES AND 
TEST CIRCUITS (Cont'd) 



.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (I ABC > 

92CS-I7594 

Fig.9 — Total power dissipation as a function of 
amplifier bias current. 


+ 36 V 



92CS- 17595 

Fig. 10 — Leakage current test circuit. 


tOOl SUPPLY VOLTS : V***I5, V~ *-15 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T»)— C* 

92CS-I7596 


Fig. 11 — Leakage current as a function of temperature. 


V + «IS V 



6 

V-I5V 


92CS-I7397 

Fig. 12 — Differential input current test circuit 
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CA3080, CA3080A Types 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd) 



92CS-I7598 

Fig. 13 — Input current as a function of 
input differential voltage. 



Fig. 14 — Transconductance as a function of 
amplifier bias curren t. 
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Fig. 15 — Input resistance as a function of 
amplifier bias current. 



AMPLIFIER BIAS MICROAMPERES (I ABC ) 

92CS-I760I 

Fig. 16 — Amplifier bias voltage as a function of 
amplifier bias current. 



Fig. 17 — Input and output capacitance as a 
function of amplifier bias current. 
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AMPLIFIER BIAS MICROAMPERES (lABC> 

92CS-I7603 

Fig. 18 — Output resistance as a function of 
amplifier bias current. 



92CS-I7604 

Fig. 19 - Input-to-output capacitance test circuit. 



92CS-I7605 


Fig. 20 — Input-to-output capacitance as a 
function of supply voltage. 



Fig.21 — Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower 
configuration and associated waveform. 
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CA3080, CA3080A Types 



Fig.22 — Schematic diagram of the CA3080A in a sample-hold configuration. 



(a) — Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1,000,000/1 
frequency range of the function generator. 




92CS - 2 8 588 


(b) — Triple-trace of the function generator sweep- 
ing to 1 MHz. The bottom trace is the sweep- 
ing signal and the top trace is the actual gen- 
erator output. The center trace displays the 
1 MHz signal via delayed oscilloscope trigger- 
ing of the upper swept output signal. 

Fig.24 — Function generator dynamic characteristics 
waveforms. 



SAMPLE 

HOLD 



Fig.25 — Sample - and hold circuit. 



LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 
TOP TRACE •• OUTPUT SIGNAL 

(5 V/DIV. AND 2>i*/DIV.) 

BOTTOM TRACE . INPUT SIGNAL 

( 5 V/DIV- AND 2 jis/DIV ) 

CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7AI3 
( 5mV/DIV.AND 2^*/DIV ) 

92CS-27884 

Fig. 26 - Large-signal response and settling time 
for circuit shown in Fig.25. 



SAMPLING RESPONSE 
TOP TRACE: SYSTEM OUTPUT 

(100 mV/01 V- AND 500 ns/DIV-) 
BOTTOM TRACE • SAMPLING SIGNAL 

( 20 V/DIV. AND 500 n*/ DIV- ) 

92CS- 27885 

Fig. 27 — Sampling response for circuit 
shown in Fig. 25. 
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CA3080, CA3080A Types 



TOP TRACE' OUTPUT 

( 50 mV/DIV. AND 200n»/DIV.) 
BOTTOM TRACE'. INPUT 

(50 mV/DIV. AND 200 nt/DIV. ) 


92CS- 27803 



Fig.28 — Input and output response for 
circuit shown in Fig. 25. 


Fig.29 — Thermocouple temperature control with CA3079 zero voltage switch as 
the output amplifier. 


+7.5 



92CM-27I598I 


Fig. 30 — Schematic diagram of the CA3080A in a sample- 
hold circuit with BiMos output amplifier. 
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TOP TRACE: OUTPUT— 5 V/DIV. a 2 jit/DIV. 

CENTER TRACE: DIFFERENTIAL COMPARISON OF 

INPUT 8 OUTPUT — 2 mV/DIV. a 2 jt»/0IV. 
BOTTOM TRACE: INPUT— 5 V/DIV. a 2 /x*/DIV. 


TOP TRACE : OUTPUT — 20 mV/ DIV. a 100 n»/OIV. 
BOTTOM TRACE: INPUT— 200 mV/DIV. a IOOn»/DIV. 

92CS-27160 


Fig.31 — Large-signal response for circuit shown 
in Fig. 30. 


Fig.32 - Small-signal response for circuit shown 
in Fig. 30. 
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CA3081, CA3082 Types 

General-Purpose High-Current 
N-P-N Transistor Arrays 

CA3081-Common-Emitter Array CA3082 -Common-Collector Array 

Directly Drive 7-Segment Incandescent Displays 
and Light-Emitting-Diode (LED) Displays 

Features 

■ 7 transistors permit a wide range of applications in either a common -emitter 
(CA3081) or common-collector (CA3082) configuration 

■ High Iq: 100 m A max. ■ Low Vqe sat (at 50 mA): 0.4 V typ. 

Applications 

■ Drivers for: 

- Incandescent display devices (e.g. RCA NUMITRON DR2000 Series and lamps) 

~ LED (e.g. RCA-SG1002 GaAs High-Efficiency Emitting Diode) 

- Relay control -Thyristor firing 

RCA-CA3081 * and CA3082* consist of seven high-current 
(to 100 mA) silicon n-p-n transistors on a common mono- 
lithic substrate. The CA3081 is connected in a common- 
emitter configuration and the CA3082 is connected in a 
comm on -co I lector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, such as the RCA NUMITRON 
devices (DR2000 and DR2010), and light-emitting diode 

(LED) displays. These types are also well-suited for a variety 
of other driyer applications, including relay control and 
thyristor firing. 

The CA3081 and CA3082 are supplied in a 16-lead dual-in- 
line plastic package, and the CA3081F and CA3082F in a 

16-lead dual-in-line frit-seal ceramic package, which includes MAXIMUM RAT 

a separate substrate connection for maximum flexibility in 

... Power Dissipatior 

circuit design. y 


TYPICAL STATIC CHARACTERISTICS FOR EACH 
TRANSISTOR OF TYPES CA3081 AND CA3082 





COMMON-EMITTER CONFIGURATION 


Fig. 1- Functional diagrams of types CA3081 and CA3082. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 
Power Dissipation: 

Any one transistor 500 

Total package 750 

Above 55°C Derate linearly 6.67 

Ambient Temperature Range: 

Operating -55 to +125 

Storage -65 to + 150 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max. 265 

The following ratings apply for each transistor in the device: 

Collector to-Emitter Voltage (Vq^q) 16 

Collector to Base Voltage (V CB q) 20 

Collector-to-Substrate Voltage (Vqiq)*. 20 

Emitter-to-Base Voltage (V EB q) 5 

Collector Current (Iq) 100 

Base Current d B ) 20 


■ The collector of each transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and 


Fig.2-hpE vs. !q 




COLLECTOR MILL I AMPERES (I C I 


COLLECTOR MILLIAMPERES IIqI 


COLLECTOR MILLIAMPERES <I C ) 


Fig. 4— VcEsat vs. I cat T A = 25° C. 


Fig. 5— VcEsat vs. I cat T A = 7(PC. 
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CA3081, CA3082 Types 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTIC 


TEST CONDITIONS 




Typ. 

Char. 

Curve 

Min. 

Typ. 



Collector-to-Base Breakdown Voltage 

V(BR)CES 

1C = 500 pA, Ie = 0 

- 

El 

m 

- 


Collector-to-Substrate Breakdown Voltage 

V(BR)CIO 

ICl - 500 juA, 1 e = 0. 1 b = 0 

- 

■3 

El 

- 

mm 

CollectortoEmitter Breakdown Voltage 

PEHHBi 

1C = 1 mA, 1 b = 0 

- 

m. 

m 

- 

V . 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

1C = 500 pA 

- 

D 

cn 

- 

mm 

DC Forward-Current Transfer Ratio 

hFE 

V C E = 0.5 V. Ic = 30 mA 

- 

E3 

El 

- 


V C E = 0-8 V. I C = 50 mA 

- 

■3 

El 

- 


Base-to-Emitter Saturation Voltage 

Q333S 1 

IC = 30 mA, Ib = 1 mA 

3 

- 


mm. 


Collector to Emitter Saturation Voltage: 
CA3081 , C A 3082 

VCE sat 

IC = 30 mA, 1 b = 1 mA 


■ 


■ 


CA3081 

IC = 50 mA, Ib = 5 mA 

4 

- 

■B 

ra 

CA3082 

IC = 50 mA, la = 5 mA 

4 

- 

B 

m 

Collector-Cutoff-Current 

'CEO 

V C E = 10 V, l B =0 

- 

- 

- 

10 


Collector-Cutoff Current 

'CBO 

Vcb = 10 V, Ie = 0 

- 

- 

- 

i 



TYPICAL READ-OUT DRIVER APPLICATIONS 


I SEGMENT OF 
\ INCANDESCENT OISPLAV 
) (RCA-OR2000 SERIES 
OR EQUIVALENT I 


92CS-I7963 


Fig.6-Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incan- 
descent display. 


,nn_ 



• -VflLEDI 


where: vp * in 


V r » FORWARD VOLTAGE 
’ DROP ACROSS THE 
OtODE 


I (LED) 

R*0 FOR Vp* V BE ♦VpILEOI 

Fig.7 -Schematic diagram showing one transistor of 
the CA3082 driving a tight-emitting diode 
(LED). 


1 


\ 
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CA3083 


General-Purpose High-Current 
N-P-N Transistor Array 


RCA-CA3083 is a versatile array of five high-current (to 
100mA) n-p-n transistors on a common monolithic substrate. 
In addition, two of these transistors (Q1 and Q2) are 
matched at low currents (i.e. 1mA) for applications in which 
offset parameters are of special importance. 

Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in 
circuit design. The CA3083 is supplied in a 16-lead dual-in- 
line plastic package, and the CA3083F in a 16-lead dual-in- 
line frit-seal ceramic package. 


■ High Iq: 100mA max. 

■ Low V CEjat (at 50 mA): 0.7V max. 

■ Matched pair (Q1 and Q2)- 

V| 0 ( v bEE matc hed) : ± 5 mV max. 
l| 0 (at1mA): 2.5|uAmax. 

■ 5 independent transistors plus separate substrate connection 

■ The CA3083 is available in a sealed-junction 
Beam-Lead version (CA3083L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 



Fig. 1 -Functional diagram of the CA3083. 


Applications 

■ Signal processing and switching systems operating from DC to VHF 

■ Lamp and relay driver 

■ Differential amplifier 

■ Temperature-compensated amplifier 

■ Thyristor firing 

■ See RCA Application Note, ICAN-5296 "Application of the RCA-CA3018 
Circuit Transistor Array" for suggested applications 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 
Power Dissipation: 

Any one transistor 500 mW 

Total package 750 mW 

Above 55°C Derate linearly 6.67 mW/°C 

Ambient Temperature Range: 

Operating -55 to H25 °C 

Storage 65 to ♦ 1 50 °C 

Lead Temperature (During Soldering): 

At distance 1/16" ’1/32" (1.59 mm .’0.79 mm) 

from case for 10 seconds max 265 °C 

The following ratings apply for each transistor in the device: 

Collector to- Emitter Voltage (Vq E q) 15 V 

CollectortoBase Voltage (Vqqq) 20 V 

CollectortoSubstrate Voltage (Vqjq)*. . 20 V 

Emitter to-Base Voltage (V^qq) 5 V 

Collector Current (Iq) 100 mA 

Base Current (I g) 20 mA 

* The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesircd coupling between transistors, the 
substrate terminal (5) should be maintained at either DC or signal (ACI ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 




TEST CONDITIONS 


LIMITS 


CHARACTERISTICS 

SYMBOL 

Typ. 
Char. 
Curve 
Fig. No. 

Min. 

Typ. Max. 

UNITS 

For Each Transistor: j 

CollectortoBase 
Breakdown Voltage 

V (BR)CBO 

Iq= 100mA, l E = 0 

20 

60 

V 

Collector-to-Emitter 
Breakdown Voltage 

V (BR)CEO 

Iq = 1mA, l B = 0 

15 

24 

V 

CollectortoSubstrate 
Breakdown Voltage 

V (BR)CIO 

Iqj ~ 100/jA, 1 g = 0, 
'E = 0 

20 

60 

V 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EBO 

1 g ~ 500/jA, 1 q ~ 0 

5 

6.9 

V 

Collector -Cutoff -Current 

'CEO 

Vqe^OV.'b^ - 


- 10 

gA 

Collector-Cutoff-Current 

'CBO 

Vcb=1°V. | e= 0 - 

- 

- 1 

pA 

DC Forward-Current 
Transfer Ratio 

h FE 

l r = 10mA 

Vpp = 3V u 2 

Iq= 50mA 

40 

40 

76 

75 


Base-to-Emitter Voltage 

V BE 

V CE = 3V, ! c = 10mA 3 

0.65 

0.74 0.85 

V 

Collector-to-Emitter 
Saturation Voltage 

V CEsat 

Iq = 50mA, lg = 5mA 4 


0.40 0.70 

V 

For Transistors Q1 and Q2 (As a Differential Amplifier): j 

Absolute Input Offset 
Voltage 

Absolute Input Offset 
Current 

hoi 

I'ioI 

7 

V CE = 3V< ! C = 1mA 

8 

- 

1.2 5 

0.7 2.5 

mV 

MA 


TYPICAL STATIC CHARACTERISTICS 


FOR EACH TRANSISTOR 




154 








CA3084 


General-Purpose P-N-P 
Transistor Array 

RCA-CA3084 is a general-purpose silicon p-n-p transistor 
array incorporating two independent transistors, a Darlington 
circuit, and a current-mirror pair with a shared diode. 

The two independent transistors in the array may be used in 
a variety of circuit applications. The Darlington pair may be 
employed as the equivalent of a single high-beta transistor. 
The current-mirror pair is well suited for constant-current 
applications and can also be used as the active loads in a 
differential amplifier which uses n-p-n transistors. 

The total array is especially useful for a wide range of 
applications in systems having low-power and low-frequency 
requirements. Although the transistors may be used as 
discrete units in conventional circuits, they offer the 
advantages inherent in integrated-circuit construction, that is, 
to provide close electrical and thermal matching. 

The CA3084 utilizes the 14-lead dual-in-line plastic package. 


FEATURES 

■ Matched transistor pair (Q1 and Q2) 

Vjo (Vgg matched): ± 6mV max. 

I |0 (at 100 juA): ±0.6pA 

■ Wide operating current range 

■ Low noise figure - - 3.2 dB typ. at 1 kHz 

" The CA3084 is available in a sealed-junction 
Beam-Lead version (CA3084L). For further 
information see File No. 515, "Beam-Lead 
Devices for Hybrid Circuit Applications". 

APPLICATIONS 

■ General use in signal processing systems having low-power 
and low-frequency requirements 

■ Differential amplifiers 

■ Temperature compensated amplifiers 

■ Active loads for differential amplifiers using 
n-p-n transistors 

■ Complementary uses with RCA n-p-n transistor arrays 


SUBSTRATE 



Fig. 1 - Functional diagram of the CA3084. 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


MAXIMUM RATINGS, Absolute-Maximum Values at T^ = 25°C 

Dissipation: 

Any one transistor 

Total package 

Above T^ = 55°C 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering); 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage <V CE q) 

Collector-to-Base Voltage (V CB0 > 

Base-to-Substrate Voltage (V b( q)* 

Emitter-to-Base Voltage (V EB q) 

Collector Current 0 C ) 


200 mW ’ 

750 mW 

derate Iinearly6.67 mW/°C 

-55 to +125 °C 

-65 to +150 °C 

+265 °C 

-40 V 

-40 V 

40 V 

-40 V 

— 10 mA 


The base of each transistor of the CA3084 is isolated from the substrate by an integral diode. The substrate must be connected to a voltage 
which is more negative than any base voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid 
undesired coupling between transistors, the substrate terminal (4) should be maintained at either DC or signal (AC) ground. A suitable bypass 
capacitor can be used to establish a signal ground. 



9ZCS- 17966 


Fig-2- l CB Q vs T A - 






AMBIENT TEMPERATURE IT^—'C 
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CA3084 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 
Charac- 
teristics 
Curve 
Fig. No. 

Min. 

Typ. 

Max. 

For Each Transistor: 
Collector-Cutoff Current 

'CBO 

v CB = - 10 V . i E = 0 

2 

- 

-0.055 

-100 

nA 

Collector-Cutoff Current 

'CEO 

v CE = - 10 V . i B = 0 

3 

- 

- 0.12 

-100 

nA 

Collector-to-Emitter Breakdown Voltage 

V (BR)CEO 

l CE = -lOOpA, Iq = 0 

- 

-40 

-70 

- 

V 

Collector-to-Base Breakdown Voltage 

V (BR)CBO 

l CB = -lOOpA, l E = 0 

- 

-40 

-80 

- 

V 

Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

1 EB = - 10 °P A . ! c = 0 


-40 

-100 

- 

V 

Emitter-to-Substrate Breakdown Voltage 

V (BR)EIO 

l E) = lOOpA 

- 

40 

100 

- 

V 

Collector-to-Emitter Saturation Voltage 

V CEsat 

l E = 1mA, l B = lOOpA 

4 

- 

-0.125 

-0.25 

V 

Base-to-Emitter Voltage 

V BE 

l E = lOOpA, V CE = -10V 

5 

-0.50 

-0.59 

- 0.68 

V 

DC Forward-Current Transfer Ratio 

h FE 

7 

15 

40 

- 


For Transistors Q1 and Q2 (Asa Differential Amplifier): 

l E = lOOpA, V CE = -10V 

8 

_ 

0.422 

6 

mV 

Magnitude of Input Offset Voltage 

1 v iol 

Input Offset Current 

'to 

- 

- 0.6 

0 

0.6 

PA 

For Transistors Q3 and Q4 (Current-Mirror Configuration): 

V CE = -5V, V C | 0 = -5V. 

Term. 13 = Gnd. 

I 5 = —lOOpA, 

10 

0.85 

1.00 

1.15 


Collector Current (Normalized) 

' c/'s 

Magnitude of Collector Current Ratio 

|l c (Q3)/l c (Q4)| 

11 

0.90 

1.00 

1.10 


For Transistors Q5 and Q6 (Darlington Configuration): 

v C e = -iov.i b = 0 

- 

- 

- 

r'° 

PA 

Collector-Cutoff Current 

'CEO 

Base-to-Emitter Voltage 

V BE 

l E = lOOpA, V CE = -10V 

13 

0.92 

1.07 

1.20 

V 

DC Forward-Current Transfer Ratio 

h FE 

15 

100 

1230 

- 



STATIC CHARACTERISTICS FOR EACH TRANSISTOR 



STATIC CHARACTERISTICS F6R DIFFERENTIAL AMPLIFIER 



Q2 as a differential amplifier). 


ELECTRICAL CHARACTERISTICS atT A - 25°C 
Typical Values Intended Only For Design Guidance 


Magnitude of Temperature Coefficient: 






V BE (for each transistor) 

|AV BE MT| 

l E = lOOpA, 

6 

-1.78 

mV/°C 

Vjq (as a differential amplifier) 

t> 

< 

0 

1 

v CE = -10V 

9 

0.54 

pv/°c 

V BE (Darlington configuration) 

|AV Be /AT| 


14 

-3.7 

mV/°C 

For Each Transistor: 






Input Resistance 

R | 

f = 1kHz, V CE = -10V, 

19 

9 

k£2 

Output Resistance 

R o 

l c = -lOOpA 

20 

600 

kf2 

Forward Transconductance 

9m 


22 

- 3 

mmho 

Collector-to-Base Capacitance 

C CBO 

( CB = 0 

23 

3.3 

PF 

Collector-to-Emitter Capacitance 

C CEO 

'CE=° 

: 23 

2.5 

pF 

Base-to-Substrate Capacitance 

| C BIO 

'cio = 0 

1 23 

4.5 

PF 



AMBIENT TEMPERATURE (T A >— *C 

92CS- 17985 

Fig.9— V|0 vs Ta (transistors Q1 and 
Q2 as a differential amplifier). 


STATIC CHARACTERISTICS FOR CURRENT-MIRROR CONFIGURATION 



i 

COLLECTOR-TO- EMITTER VOLTS (V CE ) = -IOV 
AMBIENT TEMPERATURE <T fl ) « 2S*C 

'v 






s 


3 

E 


MAX. 









■ 



1 






l 

1 

1 

II 




■ 



1 




m 


1 

1 

1 

II 

1 

1 

1 

I 



9 




■ 




1 

II 


1 

1 

■ 



1 




11 


1 

■W. 

1 

II 

8 

_ 


□ 



Fig.lO-Normalized lc vs Ta (transis- 
vjrs Q3 and Q4 in a current- 
xor configuration. 


Fig.11— lc ratio vs I5 (transistors Q3 
and Q4 in a current-mirror con- 
figuration. 


Fig. 12- Iq vs 1 5 ( transistors Q3 and Q4 in a 
current-mirror configuration). 
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CA3085, CA3085A, CA3085B Types 


Positive Voltage Regulators 

For Regulated Voltages from 1.7 V to 46 V 
at Currents up to 100mA 

RCA-CA3085, CA3085A, and CA3085B are silicon 

monolithic integrated circuits designed specifically for service 
as voltage regulators at output voltages ranging from 1.7 to 
46 volts at currents up to 100 milliamperes. 

A block diagram of the CA3085 Series is shown in Fig. 1. 

The diagram shows the connecting terminals that provide 
access to the regulator circuit components. The voltage re- 
gulators provide important features such as: frequency 
compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster 
input. These devices are useful in a wide range of applications 
for regulating high-current, switching, shunt, and positive and 
negative voltages. They are also applicable for current and 
dual-tracking regulation. 

The CA3085A and CA3085B have output current 
capabilities up to 100 mA and the CA3085 up to 12 mA 
without the use of external pass transistors. However, all the 
devices can provide voltage regulation at load currents greater 
than 100 mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input 
voltage ranging from 7.5 to 30 V (CA3085), 7.5 to 40 V 
(CA3085A), and 7.5 to 50 V (CA3085B) and a minimum re- 
gulated output voltage of 26 V (CA3085), 36 V (CA3085A), 
and 46 V (CA3085B). 

The CA3085A is unilaterally interchangeable with the 
CA3055. 

The CA3085 is available in a sealed-junction Beam-Lead 
version (CA3085L). For further information see File No. 515, 
“Beam- Lead Devices for Hybrid Circuit Applications". 


Type 

V|N 

Range 

V 

VOUT 

Range 

V 

Max 

•out 

mA 

Max. Load 
Regulation 

% VOUT 

CA3085 

7.5 to 30 

1 8 to 26 

12* 

0.1 

CA3085A 

7.5 to 40 

1.7 to 36 

100 

0.15 

CA3085B 

7.5 to 50 

1.7 to 46 

100 

0.15 


' This value may be extended to 100mA; however, 
regulation is not specified beyond 12mA. 


These types are supplied in the 8-lead TO-5 style package 
(CA3085, CA3085A, CA3085B. and the 8-lead TO-5 with 
dual-in-line formed leads ("DIL-CAN".CA3085S, CA3085AS, 
CA3085BS). The CA3085 is also supplied in the 8-lead dual- 
in-line plastic package ("MINI-DIP", CA3085E), and in chip 
form (CA3085H). 


COMPENSATION AND 
EXTERNAL INHIBIT 



■ Up to 1 00 mA output current 

■ Input and output short-circuit protection 

■ Load and line regulation: 0.025% 

■ Pin compatible with LM100 Series 

■ Adjustable output voltage 

■ Low noise 
Applications 

■ Shunt voltage regulator 

■ Current regulator 

■ Switching voltage regulator 

■ High-current voltage regulator 

■ Combination positive and negative 
voltage regulator 

■ Dual tracking regulator 

■ See Application Note ICAN-6157 "Applications 
of the CA3085-Series Monolithic 1C Voltage 
Regulators". 


Fig. 1-Block diagram of CA3085 Series. 


MAXIMUM RATINGS. ABSOLUTE-MAXIMUM VALUES at T A - 25°C 

POWER DISSIPA TION: WITHOUT HEAT SINKl WITH HEAT SINK (TO -5 ONLY) 

up to T A - 55°C 630 mW | uptoT C - 55°C .... 1.6 W 

above Ta ■ 55°C derate linearly 96.67 mW/°C I above Tq “ 55°C .... derate linearly 


TEMPERATURE RANGE: 

Operating -55 to +125°C 

Storage -65 to +150°C 

UNREGULATED INPUT VOLTAGE: 

CA3085 30 V 

CA3085A 40 V 


LEAD TEMPERATURE (DURING SOLDERING): 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the 

voltage range between vertical Terminal No. 7 and horizontal Terminal No. 1 is +3 to -10 volts. 


MAXIMUM 

MAXIMUM VOLTAGE RATINGS CURRENT RATINGS 




Fig.3- Dissipation limitation (V/fj-VouT vs. I OUT ) • 



Fig. 2— Schematic diagram of CA3085 Series. 


Fig.4- Load regulation characteristics. 
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CA3085, CA3085A, CA3085B Types 







CA3085, CA3085A, CA3085B Types 



TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIFFLE REJECTION AND OUTPUT RESISTANCE 
Output Rtiiitanc* 

Condition*: 

'• V)H- ♦MV.Cref ■ 0. Short e, 

2. Stt E$jat IkMjtoihat Ej ■ 4 V mu 

3. Raad VquT <» n » VTVM, luch m • Hewlett-Packard. 
HP4000 or equivalent 

4. Catculata R 0 UT from R 0 UT ■ V 0UT (i r l /e 2 J 

Rippl* Rejection - I 

Conditions: 

> V, N - OSV.Cref • 0. Short Ej 

2. Sat Ejt at IkHi to that E) • 3V rrm 

3. Rtad V(jut on a VTVM. such at a Hewlett-Packard. HP 
or aquivaltnt 

4. Calculate Ripple Rtitction Irom TOlof IE|/VouT> 

Rippl* Rajtction - II 

Conditions 

t Raptat R.ppt# Rttaction I w ih Crjf . ] 



Fig. 13- Test circuit for ripple rejection and output resistance. 



TEST 

«L 

CONNECT 
V|N TERM. NO. 6 

S 

V REF. 


•U OPEN 

OPEN 

'quiescent 

00 

> 40 OPEN 

OPEN 

VquT (“A* ) 

Msn 

•40 GROUND 

CLOSE! 

Vqut (kin.) 

10 k 

• 10 TERM. NO. 1 

OPEN 



• THE LIMITING CURRENT I J -± 

INVERSELY PROPORTIONAL TO 
»SCP (SHORT CIRCUIT PROTECTION RESISTANCE) 


Fig. 14— Turn-on and turn-off recovery time test circuit with 
associated waveforms. 


Fig. 15- Test circuit for VpEF, < quiescent, Voijjlmax.), 
VOuT( m ' n -i- 


Fig. 16- Test circuit for limiting current 


TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 


BLACK 

Q CREEN 




V 0 UT 1 JSVralOVIO TO tOmA) 
REGULATION • 0 2% (LINE ANO L0A0I 
RIPPLE < O.SmV AT FULL LOAD 


Fig. 17- Application of the CA3085 Series in a typical power 
supply. 


0.001 rF 

ALL RESISTANCE VALUES ARE IN OHMS 

01: RCA INI24JA OR EQUIVALENT 
Ql: RCA-2NSS22 OR EQUIVALENT 
•Rl » 0.2 l L (MAX.) 


Fig. 18- Typical switching regulator circuit. 




^ZpFISOV) 

_L all resistance values 

ARE IN OHMS 


RCA JN2102 OR EQUIVALENT 
1 ANT P N P SILICON TRANSISTOR 
IRCA-2NS322 OR EQUIVALENT! 

ANT N P N SILICON TRANSISTOR THAT 
HANOLE THE OESIREO LOAO CURREN1 
IRCA 2NJT72 OR EQUIVALENT) 


01 ANT N P N SILICON TRANSISTOR 
THAT CAN HANDLE A 2A 
LOAO CURRENT SUCH AS 
RCA -2H3772 OR EQUIVALENT 


Fig.21- Combination positive and negative voltage regulator 
circuit. 


Fig. 19- Typical high<urrent voltage regulator circuit. 


Fig.20— Typical current regulator circuit. 
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CA3086 

General-Purpose N-P-N Transistor Array 

Three Isolated Transistors and One Differentially— Connected Transistor Pair 


For Low— Power Applications from DC to 120 MHz 


RCA-CA3086 consists of five general -purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 


transistors in conventional circuits. However, they also 
provide the very significant inherent advantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. 

The CA3086 is supplied in a 14-lead dual-in line plastic 
package. The CA3086F is supplied in a 14-lead dual-in-line 
hermetic (frit-seal) ceramic package. 


MAXIMUM RATINGS, Absolute— Maximum Values at ■ 25°C 

DISSIPATION: 


Any one transistor 300 

Total package up to T A = 55°C 750 

Above T A = 55°C derate linearly 6.67 

AMBIENT TEMPERATURE RANGE: 

Operating -55 to +125 

Storage -65 to +150 

LEAD TEMPERATURE (During soldering): 

At distance 1 / 1 6 ± 1/32 inch ( 1 .59 ± 0.79mm) 

From case for 10 seconds max +265 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, V C EO 15 

COLLECTOR-TO-BASE VOLTAGE, V CB0 . . 20 

COLLECTOR-TO-SUBSTRATE VOLTAGE. V C |0*- • • 20 

EMITTER-TO-BASE VOLTAGE, V EBO 5 

COLLECTOR CURRENT, l c 50 



V 

V 

V 

V 
mA 


The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate 
(terminal 13) must be connected to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normal transistor action. To avoid undesirable coupling between transistors, the sub- 
strate (terminal 13) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A - 25°C 
For Equipment Design 




| TEST CONDITIONS | 





CHARACTERISTICS 

SYMBOLS 


Typ. 

Charac- 

LIMITS 

UNITS 




teristic 
Curves 
Fig. No. 

Min. 

Typ. 

Max. 


Collector-to-Base Breakdown Voltage 

V (BR)CBO 

1 c = 10 pA, lg = 0 

- 

20 

60 

- 

V 

Collector -to-Emitter Breakdown Voltage 

V (BR)CEO 

| c = 1mA, l B = 0 


15 

24 

- 

V 

Collector-to-Substrate Breakdown Voltage 

V (BR)CIO 

l c = 10 ma, i ci = 0 

- 

20 

60 

- 

V 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10 mA, l c = 0 

- 

5 

7 

- 

V 

Collector-Cutoff Current 

'CBO 

v CB = 10V, I E = 0 

2 

- 

0.002 

100 

nA 

Collector-Cutoff Current 

'CEO 

v CE = 10V, I B = 0 

3 

— 

See 

Curve 

5 

pA 

DC Forward -Current Transfer Ratio 

h FE 

V CE = 3V « 'c = 1 mA 

4 

40 

100 





Fig.3—hp£ vs Ip. 
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EMITTER MIUIAMPERES(Ie) 

92CS-I52I7 

Fig.4 V BE vsl E . 


Applications 

■ General-purpose use in signal processing systems operating 
in the DC to 120-MHz range 

■ Temperature compensated amplifiers 

■ See RCA Application Note, ICAN-5296 "Application of the 
RCA-CA3018 Integrated-Circuit Transistor Array" for 
suggested applications. 


SUBSTRATE 



Fig. 1 - Functional diagram of the CA3086. 


TYPICAL STATIC CHARACTERISTICS 
FOR EACH TRANSISTOR 



Fig-2- Iqbq vs T a . 



Fig-5- I CEO™ T A- 
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ELECTRICAL CHARACTERISTICS at T A = 25°C Typical Values Intended Only for Design Guidance 
I I I TEST CONDITIONS I 


CHARACTERISTICS 

SYMBOL 


Typ. 
Chara- 
teristics 
Curves 
Fig. No. 

TYPICAL 

VALUES 

UNITS 

DC Forward-Current 

hr-r- 

V CE = 3 V 

l c = 10mA 

4 

100 


Transfer Ratio 

n FE 


l c = 10 mA 

4 

54 


Base-to-Emitter Voltage 

V BE 

V CE = 3 V 

l E = 1mA 

5 

0.715 

V 




l E = 10mA 

5 

0.800 

V 


V BE Temperature Coefficient 

av be m t 

V CE = 3V, l c = 1mA 

6 

-1.9 

mV/°C 

Collector-to-Emitter 
Saturation Voltage 

V CEsat 

l 0 = 1 mA, Iq = 10mA 


0.23 

V 

Noise Figure (low frequency) 

NF 

f= 1kHz, V C£ = 3 V, 

_ 

3.25 

dB 


Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
Forward Current-Transfer Ratio 
Short-Circuit Input Impedance 
Open-Circuit Output Impedance 

Open-Circuit Reverse-Voltage 
i Transfer Ratio 


f = 1kHz, V rE = 3V, 


C01LECT0R-T0-BASE VOLTSI 


SIVcb'-J Hi-ttttttf ff'tti tiff 





AMBIENT TEMPERATURE (T A > — 


Fig. 6- V B£ vs T a . 


IOO COLLECTOR-TO-EMITTER VOLTS (V C( 
6 FREQUENCY («>» I kHz 
„ AMBIENT TEMPERATURE (T A )* 25°C 


Admittance Characteristics: 
Forward Transfer Admittance 
Input Admittance 
Output Admittance 
Reverse Transfer Admittance 


31 — j 1 .5 
0.3 + j0.04 
0.001 + j0.03 
See Curve 


Gain-Bandwidth Product 

f T 

V CE = 3V - 'C = 3mA 

12 

550 

MHz 

Emitter-to-Base Capacitance 

C EBO 

V EB = 3V.I e = 0 

- 

0.6 

PF 

Collector-to-Base Capacitance 

C CBO 

V CB = 3V, Iq = 0 

- 

0.58 

pF 

Collector-to-Substrate Capacitance 

C CIO 

V C| = 3V,I C = 0 

- 

2.8 

PF 


Fig. 7- Normalized h fe , h !e . h Qe , h fe vs Iq. 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)-25°C 
COLLECTOR-TO-EMITTER V0LTS(Vce)-3 
COLLECTOR MILLIAMPERES (I C )* I 


FREQUENCY (f)-MHz 

Fig. 8- y fe vs f. 


6 

COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (T A )* 25“C 
COLLECTOR-TO-EMITTER VOLTS(V CE )*3 
COLLECTOR MILLIAMPERES (IcH 
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COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)*25°C 
COLLECTOR-TO-EMITTER VOLTS (Vce>* 3 
COLLECTOR MILLI AMPERES (Ip)* I 


COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (T A )*25*C 
COLLECTOR-TO-EMITTER VOLTS (VCE>*3 
COLLECTOR MILLIAMPERES (IcH 


Fig.11-y vs f. 


23456789 |i 
COLLECTOR MILLIAMPERES (Ic> 

Fig.12- fjvs Iq. 


Fig. 10- y vs f. 
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Analog Multiplier 

RCA-CA3091D, a monolithic silicon integrated circuit, is a 
four-quadrant multiplier that provides an output voltage that 
is the product of two input (x and y) voltages. 

This device functions as a multiplier, divider, squarer, square 
rooter, and power-series approximator. In addition, this 
device is useful in applications such as ideal full-wave 
rectifiers, automatic level controllers, RMS converters, fre- 
quency discriminators, and voltage- controlled filters and 
oscillators. 

The CA3091D comprises five basic circuits (See Fig. 1 ), 
including: a multiplier block, two linearity compensators, a 
current converter, a current source for biasing, and a 
regulator (reference voltage). A brief description of the 
operation, functions and typical applications is given in the 
section "Operating Considerations". In addition there is a 
separate section on "Symbols, Terms, and Definitions" that 
defines the terms and symbols used throughout the data 
bulletin. 

The CA3091D is supplied in 14-lead dual in-line ceramic 
package and operates over the full military temperature range 
of-55°C to +125°C. 




MAXIMUM RATINGS^ Absolute-Maximum Values at = 25° C 

DC Supply Voltages: 

Between Terms. 12 and 1 +18 V 

Between Terms. 4 and 1 -18 V 

DC Supply Currents: 

At Term. 12 with DC Supbly Voltage - +15 V 4 mA 

At Term. 4 with DC Supply Voltage = -15 V 16 mA 

Bias Current (At Term. 3) 1 mA 

* Input Current ±1 mA 

Output Short-Circuit Duration No limitation 

Voltage Reference Current 10 mA 

Linearity Correction Currents: 

At Terminals 7 and 8 10 mA 

Device Dissipation (Up to 125°C) 200 mW 

Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (during soldering) : 

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max +265 °C 


External resistance is required to limit the current to the indicated ±1 m A value. 



Features: • 

■ "Accuracy": ±4% (max.) 

■ "Linearity": 3.0% (max.) 

■ Feedthrough: 9 mV p-p (typ.) 

■ 3-db bandwidth: 4.4 MHz 

■ Low power operation capability: ±6.0 V, 4 mW drain 

■ Low power-supply sensitivity: 36 mV/V typ. 

■ Smooth overload characteristics — no foldback if full- 
scale input signal is exceeded 

■ Negligible warm-up drift 

■ Broadband operation capability (flat to 1 MHz) — both 
inputs have similar characteristics for reduced high- 
frequency phase shift between the inputs 

■ Low-level linearity correction circuitry minimizes low- 
level feedthrough for improved small-signal accuracy 

■ All multiplication is performed with wideband circuitry - 
this permits two signals of frequencies much higher than 
the -3 db frequency of the multiplier to produce a differ- 
ence frequency that is within the multipliers bandwidth 

■ High immunity to parasitic oscillation. 

■ Essentially free from excess peaking - provides improved 
frequency response 

■ Requires no level shifting at the output — current-source 
operation at the output permits output signal to be refer- 
enced to ground or other levels within the output voltage 
swing capabilities of the multiplier 

■ Internal bias regulator 


Applications: 

■ Multiplier ■ Divider ■ Squarer ■ Square Rooter 

■ Power-series approximator 

■ Full-wave rectifier 

■ Automatic level controller 

■ RMS converter 

■ Frequency discriminator 

■ Voltage-controlled filters and oscillators 
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ELECTRICAL CHARACTERISTICS, For Equipment Design 



I TEST CONDITIONS 

LIMITS 


CHARACTERISTICS 

SYMBOL Ta- 25°C, l| B -0.5 mA 
V + - 15 V, V--15V 

Circuit 

andyor 

Char. 

Curve 

Min. 

Typ. 

Max. 

UNITS 


STATIC CHARACTERISTICS 
INPUT CIRCUIT 











CA3091D 


ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance 




FREQUENCY (() Hz 92CS-I9S43 





Fig. 10- x-input frequency response characteristic 
curve with associated test circuit. 


SYMBOLS, TERMS AND DEFINITIONS 
Output Offset Current 

The multiplier output current produced when both of the 
multiplier input signals are in the zero state. 

Output Zero 

Sets the output at the zero level when the x and y inputs are 
in the zero state. (It is implied that all other zeroing 
adjustments have been effected.) 

R ! 

Input Resistance — Converts the input voltage to an input 
current. 

Rl 

Output (Load) Resistance — Converts the output current to a 
voltage. 

R 0 

Output Resistance - See V 0 and l 0 for the equations 
associated with these properties. 

Regulator Diode 

A temperature compensated Zener diode, included in the 
multiplier circuit, to provide a stable l|B- 

Scale Factor or k factor (k) 

Represents the basic gain of the multiplier as expressed in the 
equation V 0 = kV x V y 

The equation indicates the ideal transfer function for the 
multiplier. The normalized k factor is expressed by kfvi = k/k re f 
where k re f is the ideal or reference k factor. The ideal factor, 
k re f is the value at which the k factor is set when the k -factor 
adjust control is trimmed. Optimum operation of the 
CA3091D is achieved when the k-factor is 0.1. 

V|M 

The maximum ac sine-wave voltage to be applied to the 
multiplier; a 20-volt p-p sine wave is the nominal maximum 
swing voltage recommended for use with 50-kilohm input 
resistors. 

VMID 

An ac or dc voltage that approximately satisfies the equation 
VMID = V, M / ']~2~ 

Vo 

The output product voltage derived from the expression 

<kV*V y = Vq) 
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Vref. 

Temperature compensated zener connected to the -15 volt 
supply to provide a reference voltage as an aid in setting up a 
stable 1 10. 

V>(.V y 

The input voltages to be multiplied. 
x-Balance Circuit 

Sets the output to the zero level when the x-input is in 
the zero state. 
y-Balance Circuit 

Sets the output to the zero level when the y-input is in the 
zero state. 

Accuracy 

Accuracy defines the degree of error encountered in the 
operation of the multiplier. It is portrayed on a contour map 
by isomers (contour lines). Isomers with the highest values 
indicate "less-accurate" operation of the multiplier. (See 
illustrative Contour Map in Fig. 12.) 

Contour Map 

The contour map, shown in Fig. 12, is a graphical portrayal 
of the multiplier errors in the x, y input plane. Each contour 
line, termed "isomer", connects those points whose error 
values (in millivolts) are equal in magnitude. For example, a 
—20 mV contour line with points at V x = 5V and V y = — 3V 
indicates that the output voltage is 20 mV less than the 
theoretical output product (kV x Vy). This error voltage, 
presented in percent of full-scale input (±10 V), defines the 
"accuracy" of the device. Thus, a 20-mV error voltage 
represents an "accuracy" of 0.2% as derived from the 
equation: 

Accuracy = 20 mV/10 x 100% = 0.2%. 

A contour map provides a true indication of multiplier 
performance in each of the four quadrants. Each CA3091D is 
comprehensively tested and must provide the specified 
accuracy in the four quadrants. 

Current Converter 

This portion of the 1C combines the multiplier's differential- 
amplifier output currents and converts them to a single- 
ended output current. 

Current Sources 

These circuits provide the biasing currents for the various 
circuits in the 1C. The l|Q terminal provides the control 
current for the current-source circuit. 

Feedthrough 

Feedthrough occurs when an output signal is produced even 
though one of the input signals is zero. Consequently, 
feedthrough signal characteristics constitute a source of error 
in the operation of a multiplier. In the CA3091D, for 
example, the feedthrough signal output is specified to be less 
than 20 mV p-p when either terminal is set at 20 V p-p and 
the other terminal is set to zero. 

<IB 

Circuit biasing control current. 

he 

See loc- 

10 2 
Output product current (k| l x ly = loK where k| = k R| / Rl 

loc. Me 

Compensatory input and output currents required to correct 
unlinearity along the x axis. (Optional for low-level signal use.) 
lx. ly 

Input currents to be multiplied, 
k 

Voltage Scale Factor (determines the gain of the multiplier). 

k| 2 
Current Scale Factor (k|) = (Rf / R|_)k. 

k adjust 

Scale-Factor Adjustment. 

Linearity 

"Linearity" indicates the degree of multiplier error (i.e. 
deviation from "straight-line" characteristics) along each of 
the four boundaries of the input x, y field. These boundaries 
are formed when one input is held at one of the two 
maximum values (10 volts or -10 volts) and the other input 
is swept through the voltage range. (See Contour Map for 
additional information.) 



Note: See "Contour 
Map" in "Symbols, 
Terms and Defini- 
tions" Section. 


.-iwur VOlTAGl (v, i— v 

Fig. 12-Contour mapping of multiplier accuracy (plotted on isomers ) and linearity. 


Linearity Adjust 

An external circuit to provide vernier adjustment for 
optimum linearity. This control should be adjusted before 
adjusting the y-balance control. 

Linearity Balance Circuit (Low-Level) 

This circuit makes the multiplier's transfer function linear for 
low-level x-input signals. 

Linearity Compensator 

Internal circuitry that converts input current into a non- 
linear voltage, a requisite for producing a linear output in the 
differential amplifiers of the multiplier circuit. 

Multiplier Circuitry 

Provides the product of the two input voltages. 

Multiplier Transfer Function 

This function mathematically describes the interaction of the 
two inputs and the resulting output signal. The basic transfer 
function for a multiplier is 

k(V x + V xe ) (V y + V ye ) = V 0 + V oe 

where: k = k factor and represents the basic gain of the 
multiplier 

Vx, V y = the external inputs to be multiplied 
V 0 = the desired value of the product output signal 
Vxe. Vye = the "effective" errors that occur at the inputs 
of the multiplier and cause an output signal 
when either input is in a zero state. 

V 0 e = the error voltage that develops at the output of 
the multiplier 

DC correction factors are added to the multiplier inputs and 
output to compensate for the errors and offset variations. A 
complex linearity error term appears in the transfer function; 
however, this term is not included in the above equation for 
the purpose of clarity. 

OPERATING CONSIDERATIONS 
Operation of a Multiplier 

A multiplier is, essentially, a gain-controlled amplifier (See 
Fig. 13) that multiplies the input signal (V x ) with the 
external gain controlling signal (Vy) to produce the resultant 
output (V Q ). The gain is externally adjustable by a coef- 
ficient (k). Stated simply, a multiplier produces an output 
voltage that is the linear product of two input voltages. 



Fig. 13-Gain-controlled amplifier. 


The basic multiplier, shown in Fig. 14a, is a two-quadrant 
multiplier. The input signal (V x ) may have either a positive 
or negative polarity whereas, the external gain-controlling 
signal (Vy) must be positive and greater than the base-to- 
emitter voltage (Fig. 14b). The output current di - 12) of the 
differential amplifier, comprised of transistors Q1 and Q2, is 
related to both the input signal (V x ) and the current source 
(I). Since the current source (I) is related to the gain 
controlling signal (Vy) the output current (h - 1 2). therefore, 
is related to both V x and Vy. 



9ZCS-I96S9 

92CS-I965T 

b) Multiplier functional 
a) Basic circuit. only in shaded region. 

Fig. 14- Two-quadrant multiplier. 

This relationship is essentially non-linear; thus an appro- 
priate linearization circuit must be provided in the input 
stage to achieve the following linear relationship: 

h-l 2 = k'V x Vy (Eq. 1) 

where k' is a constant 
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Figure 15 shows a typical arrangement of three differential 
amplifiers to form a four-quadrant multiplier. This arrange- 
ment incorporates the operating principles of the two- 
quadrant multiplier, but, in addition, it permits both of the 
input signals (V x and Vy) to have positive or negative 
polarities (or zero). When either input is zero, the output 
current (lj - 1 2) must, theoretically, be zero as is shown by 
the following: 

1. Assume V x = O, 

then i^ = i2 and i3 = i4 
therefore ii+i4 = 12+13. 

Since If = il+i4 and I2 = i2 + '3- 
then 1 1 = I2. 

This equality is independent of Vy 

2. Now assume Vy = O, 
then is = ig. 

Sine i5 = ii+i2 and i6 = i'3+i4, 
then ii+i2 = i3+i4. 

Since i'i = i3 and i2 = i4 

then if +i4 = i3+i2- 

Therefore h = 12- 

This equality is independent of V x . 



•2CS-I9C33 


Fig. 15-Basic four-quadrant multiplier. 

The multiplying operation discussed in the previous section 
applies when neither V x nor Vy is zero. The output current 
dl - 12) then satisfies Equation 1, 


TYPICAL OPERATING CONSIDERATIONS 

The RCACA3091D, shown in Fig. 2, is a four-quadrant 
multiplier that incorporates the basic multiplier principle, 
previously discussed in "Operation of a Multiplier". Because 
the design of this multiplier is based on the multiplication of 
two input currents to produce an output current it is 
necessary to convert the input voltages to input currents and 
the output current to an output voltage by inserting resistors 
at both input and output terminals. Fig. 1 shows the 
four-quadrant multiplier with its peripheral circuitry for 
nulling current unbalances. 

The Bias Current (l|B) at Term. 3 sets the operating current 
level for the entire multiplier circuit by means of a 
current-source circuit. Therefore, it is essential that this bias 
current level remain constant under all operating conditions. 
To maintain this steady state, a temperature compensated 
zener diode is provided on the chip and connected to the 
Reference Voltage (Term.6). 

Linearity of the differential amplifier transconductance 
function is accomplished by linearity compensators as shown 
in Fig. 1. To correct low-level signal unbalances that may 
occur between Differential Amplifiers A and B, an external 
potentiometer is connected to Terminals 7 and 8 (See Fig. 
1). The Current Converter circuit, which consists of a set of 
current mirrors, supplies the output current (I) - 12). It is 
important that circuit unbalances be corrected prior to 
operation. Table I describes the alignment procedures for 
correcting these unbalances. 

A multifunctional circuit board (Figs. 16 and 17) is available 
for performing the four basic applications, such as, multi- 
plying, dividing, squaring and taking the square root. 

When the CA3091D is used as a multiplier (Fig. 18) or as a 
squarer (Fig. 18) only the basic pheripheral circuitry on the 
multifunctional circuit board is utilized and the general- 
purpose operational amplifier (CA3741T) is disabled from 
operation. Follow the ac alignment procedures for these two 
applications before operating the circuit. 

When the CA3091D is used as a divider (Fig. 20), the 
operational amplifier is required in order to provide the 
proper negative feedback. The limitations for operation as a 
divider are that 0<V y < 10V and -10V< V 2 < 10V. Note, 
the range of Vy is limited to the positive polarity; if V y was 
permitted to go negative, the feedback loop would go > 
positive and, thereby, create an unstable operating condition. 


Ij_l2 = k'V x V Alignment of the divider (Fig. 19) differs from multiplier and 

* y ‘ squarer alignment because of the additional variances intro- 

The multiplying action of the four-quadrant multiplier is duced b V the operational amplifier. A coupling capacitor is 

dependent on current unbalance in the three differential provided at the output of the divider alignment circuit in 

amplifiers. Ideally, the multiplying operation should not order to separate the ac signal from the dc signal and, thus, 

occur if either V x or V y is 0. However, in practical avoid interaction between the calibrating potentiometers, 

applications slight current unbalances do exist. It is neces- The alignment procedure for the square-rooter function (Fig. 

sary, therefore, to null out such unbalances with external 21 ) is identical to the alignment procedure for the divider 

potentiometers prior to operation. function. The input voltage range is limited to O < V| ^ 

Table I 

AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier 
(Refer to Fig. 16, for circuit pertaining to following alignment procedures.) 



Voltage Setting 


Test 



No. 

V x 

Vy 

Adjust 

Equipment 

Used 

Measure 


1 

- 

- 

- 

- 

- 

Set all potentiometers to center of range. 

2 

0 

V(M 

x Balance 

AC VM 

v 0 

Adjust for a minimum reading. 

3 

0 

•V,M 

Linearity 

AC VM 

Vo 

Adjust for a minimum reading. 

4 

- 




- 

Repeat Steps 1 and 2 until no further improvement 
is noted. 

5 

V|M 

0 

y Balance 

AC VM 

Vo 

Adjust for a minimum reading. 

6 

0 

0 

Zero 

Output 

DC VM 

Vo 

Adjust for zero output. 

7 

VMID 

VMID 

R k 

AC /DC VM 

Vo 

Adjust for Vy|jj/lO at the output. 

8 

- 

- 

- 

- 

- 

Check multiplier for alignment in all four quadrants. 


V IM - Is the maximum AC swing of the sine wave that will be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing 
of the AC sine wave with input resistors of SO kilohms. 

V M |o - An AC or DC voltage that approximately satisfies the equation V MtD = V )M / For example, if a 50-kilohm resistor is used with 
a 7-volt input, then R k should be adjusted for a 4.9-volt output. 




/I'll I \ \ \ \ 

00 Vo 0 0- IN9I4 V, D Vy 0* 


b) Component side. 

Fig.1 7 -Photographs of a printed-circuit board for multi- 
function applications ( multiplier , squarer, divider, 
square rooter ) utilizing the CA3091 D and CA3741T. 
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Table II — Divider Alignment Procedure 



CONNECT V, AND V y 
TERMINALS FOR SQUARER 
OPERATION 



a) Circuit arrangement for multiplier or squarer operation. 



b) Terminal connections for multiplying operation. 



VI V 0 


c) Terminal connections for squarer operation. 


Fig.18-Multi function circuit-board arrangement with terminal connections for multiplier and squarer operation. 



Fig. 19— (a) Divider alignment circuit. 



Fig. 19— (b) Circuit to provide offset ac signal for use in 
divider alignment procedure. 
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CA3093E 

General-Purpose High-Current N-P-N Transistor* 
Zener Diode - Diode Array 


■ 6 independant devices plus separate substrate connection 

■ Compensating temperature coefficients - VgE «nd V D1 
VS. Vz 


RCA CA3093E* is a versatile array of three high-current 
(to 100mA) NPN transistors, two 10%-tolerance Zener diodes 
and one conventional diode, all on a common monolithic 
substrate. Two of the transistors (Q^ and Q 2 ) are matched 
at 1 mA for applications in which offset parameters are of 
special importance. The combination of positive Zener voltage 
temperature coefficients and negative forward base-emitter 
voltage temperature coefficients provides a unique tempera- 
ture compensation capability. 


Independent connections for each transistor and diode plus 
a separate terminal for the substrate permit maximum flexi- 
bility in circuit design. 

‘Formerly developmental type TA61 19 
*Z 1t Z 2 and D1 are transistors internally connected as shown below. 


High l c (100mA max) 
Matched pair (Q1 & Q 2 > 
V|q ■ ± 5mV maxi #t ( 
1 10 * 2.5 pA max f 


) ■tic-1"* 

I (0 “ 2.5 pA maxj 
AV,o/AT“5pV/°C typ 


■ hpE ■ 40 min @ lc ■ 10mA 

or 50mA 

■ Low v CEsat . . . 0.7V max @ 60mA 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25° C 
Power Dissipation: 

Any one transistor 500 

Any one Zener Diode 250 

Total package 750 

Above 25°C Derate linearly 6.67 

Ambient Temperature Range: 

Operating -55 to +125 

Storage — 65 to +1 50 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 

The following maximum ratings apply for each transistor 


Collector-to-Emitter Voltage (Vceo) • • 
Collector- to-Base Voltage (Vceq) 
Collector-to-Substrate Voltage (Veto)* 

Emitter-to-Base Voltage (Vebo> 

Collector Current (lc) 

Base Current (lg) 


The following maximum ratings apply for each Zener Diode or Diode 


Zener Diodes 

■ Two 1/4W Zeners 

■ V Z -7V±10% 

■ zz ■ isn typ 


■ Close forward voltage match to Vgg'i of Qj and Q 2 

■ Vp|\/ ■ 5.5V min. 


1 Signal processing and switching systems operating from 
DCtoVHF 
Lamp and relay driver 
Differential amplifier 
Temperature-compensated amplifier 
Thyristor firing 

Temperature-compensated shunt regulator 

Temperature-compensated series regulator 

Level shifting 

Voltage-level clamping 

Current regulator 

Voltage clamping 

Simple off-line regulated supply 

See RCA Application Note, ICAN-5296 "Application of 
the RCA-CA301 8 Circuit Transistor Array" for applications 
in addition to those given on pages 5 & 6 of this bulletin. 


Zener Diode dc Current Oz) 

Zener Diode-to-Substrate Voltage (Vzio)* 

Diode (D1) Forward Current (Iqf) 

Diode (D1) Reverse Voltage (Vqr) 

Diode (Dl)-to-Substrate Voltage (Vqio)* 


‘The collector of each transistor, the cathode of each Zener diode, 
and the anode of the diode are isolated from the substrate by an 
internal diode. The substrate must be connected to a voltage which 
is more negative than any of these isolated terminals in order to 


maintain isolation between devices and provide normal transistor 
action. To avoid undesired coupling between devices, the substrate 
terminal (5) should be maintained at either dc or signal (ac) ground. 
A suitable bypass capacitor can be used to establish a signal ground. 



Fig. 1 - Functional diagram of the CA3093E (bottom view! 


I “ 1001 COLLECTOR -TO-EMITTER VOLTS (V CE I*3 



COLLECTOR MILLIAMPERES t I c I 

Fig. 2 - hpE vs <C 


TYPICAL STATIC CHARACTERISTICS 


(TRANSISTOR COLLECTOR-TO-EMITTER VOLTS (V CE )*3 


i >“ 07 


TRANSISTOR COLLECTOR OR DIOOF MILLIAMPERES (l c or l 0 ,l 


Fig. 3 - Vqe vs !q and Vq 1 vs ! qi 


1 oe 

SET DC FORWARD-CURRENT TRANSFER RATIO (hpE> 
AMBIENT TEMPERATURE (T A ). 25 ‘C 
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COLLECTOR MILLIAMPERES (Ic ) 


Fig. 4 - VcEsat vs >C at 25 ° c 
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ELECTRICAL CHARACTERISTICS at T A “ 25°C 
For Equipment Design 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Min. 

Typ. 

Max. 

For Each Transistor: j 

Col lector -to- Base 
Breakdown Voltage 

v (BR)CBO 

l c = lOOp A, Ie = 0 

20 

60 


V 

Collector-to-Emitter 
Breakdown Voltage 

v !8R)CEO 

lC 3 1 mA, Iq = 0 

15 

24 

- 

V 

Collector-to-Substrate 
Breakdown Voltage 

v (BRlCIO 

l C | = 100/i A, l B = 0, 
l E = 0 

20 

60 


V 

Emitter-to-Base 
! Breakdown Voltage 

v (BR)EBO 

l E 3 500/iA, Iq = 0 

5.5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

V CE = 10V, l B = 0 

- 

- 

10 

MA 

Collector-Cut of f-Current 

‘CBO 

V CB = 10V, l E = 0 

- 


1 

/iA 

DC Forward Current 
Transfer Ratio 

h FE 

V CE = 3V 

lc 3 10mA 

40 

76 



lc 3 50mA 

40 

75 

- 

Forward Base-to-Emitter Voltage 

V BE 

V CE = 3 V, l c = 10mA 

0.65 

0.74 

0.85 

V 

Collector-to-Emitter 
Saturation Voltage 

v CEsat 

lc = 50mA, l B = 5mA 

- 

0.40 

0.70 

V 

Forward Base-to-Emitter 
Temp. Coefficient 

•^BE/iiT 

l E = 10mA 


-1.9 

- 

mV/°C 

| For Transistors Q1 and Q2 (As a Differential Amplifier): | 

Absolute Input Offset Voltage 

lv, 0 i 

V C E = 3V, l C - 1mA 



5 

mV 

Absolute Input Offset Current 

W 

- 

0.7 

2.5 

//A 

Temp. Coefficient of Offset Voltage 

Iav, 0 /ati 

- 


5 

- 

/iV/° C 

| For Each Zener Diode j 

Zener Voltage 

V Z 

I Z = 10mA 

6.3 

7 

7.7 

V 

Zener Impedance 

z Z 

l Z = 10mA, f = 1 kHz 

- 

15 

25 

n 

Zener Reverse Current 

'ZR 

V Z = +5V 

- 

- 

1 

mA 

Zener Voltage Temp. Coefficient 

AV Z MT 

l Z “ 10mA 

i.e. 

+3.6 

+.05 


mV/°C 
%/° C 

Zener-to-Substrate Breakdown 
Voltage 

v (BR)ZIO 

l z = 100/1 A 
(Terminals 7 & 9) 

20 

60 

" 

V 

Dissipation 


Refer to Example in 
Application "a” 

_ 

- 

250 

mW 

| For Diode (D1) j 

Diode Forward Voltage 

v D f 

l c = 10mA, V CE = 3V 

0.65 

0.74 

0.85 

V 

Diode Forward Current 

'df 


- 

- 

50 

mA 

Diode Reverse- Breakdown Voltage 

V (BR)DR 

l DR = 500/i A 

5.5 

6.9 

- 

V 

Diode-to-Substrate 
Breakdown Voltage 

v (BR)DIO 

1 Di ode = 1 00/i A 
(Terminal 10) 

20 

60 


V 

Diode Forward-Voltage 
Temp. Coefficient 

AV df /A t 

Iqf “ 5mA 


-1.9 


mV/°C 



Fig. 5 - VQ Esat vs teat 70° C 



Fig. 6 - VsEsat vs l C 



differential amplifier) 



Fig. 8 - l/o vs I c (transistors Q 1 and Q2 as a 
differential amplifier) 



ZENER MILLIAMPERES (I z ) 

92CS- 19601 

Fig. 9 — Typical Zener breakdown voltage vs current 



Fig. 10 - Typical Zener impedance vs current 
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CA3093E 


TYPICAL APPLICATIONS 

a) 1 7V Regulator supplying CA3093E Transistors plus an external 
load. 



Sample Computation for Determining Permissible Zener Dissipation 
at +25°C. 


CA3093E Ratings at T A - +25°C 

Total Diss. Max = 750 mW (Derate @ 6.67 mW/°C above 25°C) 
Each Zener Diss. Max = 250 mW 
Max. Zener Current ■ 35 mA 


Assume CA3093E Transistor/Diode Load Dissipation - 350 mW then 
max. total Zener Diss. (P Zl + P Z2 I - 750 - 350 - 400 mW 


(Izi + IZ2> 


400 mW 
7V 


57 mA 


(Note: Max. current rating on each Zener is 35 mA) 



Typical Load Regulation 
for l|_ ■ 0 to 25 mA 

AE l /El x 100 * -6% 
(no load to full load) 


Typical Line Regulation 


(AE l /E l ) x 100 
AE unreg. 


1 0.9%/V 


Typical Temperature Characteristic 

ae l /e l 

— x 100 » +0.06 %/°C 


c) 8.6V Temp.-Compensated Shunt Regulator 



Typical Temperature Characteristic @ R L = 33017 

AEt - /E l x 100 = ± 0.007 %/°C 
AT 

Typical Load Regulation l|_ * 0 to 40 mA 
(AE l /E|_) x 100=-3% (no load to full load) 


Typical Line Regulation at R(_ = 33011 


* e l/El 

AE unreg. 


x 100 - i 0.55%/V 
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CA3094, CA3094A, CA3094B Types 


Programmable Power Switch/Amplifier 

For Control & General-Purpose Applications 

CA3094T,S,E: For Operation Up to 24 Volts 

CA3094AT,S,E: For Operation Up to 36 Volts 
CA3094BT,S: For Operation Up to 44 Volts 


The CA3094 is a differential-input power- 
control switch/amplifier with auxiliary cir- 
cuit features for ease of programmability. 
For example, an error or unbalance signal can 
be amplified by the CA3094 to provide an 
on-off signal or proportional-control output 
signal up to 100 mA. This signal is sufficient 
to directly drive high-current thyristors, re- 
lays, dc loads, or power transistors. The 
CA3094 has the generic characteristics of the 
RCA-CA3080 operational amplifier directly 
coupled to an integral Darlington power tran- 
sistor capable of sinking or driving currents 
up to 100 mA. 

The gain of the differential input stage is 
proportional to the amplifier bias current 
OaBC)* permitting programmable variation 
of the integrated circuit sensitivity with either 
digital and/or analog programming signals. 
For example, at an IabC of 100 juA, a one- 


millivolt change at the input will change the 
output from 0 to 100 mA (typical). 

The CA3094 is intended for operation up to 
24 volts and is especially useful for timing 
circuits, in automotive equipment, and in 
other applications where operation up to 
24 volts is a primary design requirement 
(see Figs. 28, 29 and 30 in Applications Sec- 
tion). The CA3094A and CA3094B are 
like the CA3094 but are intended for oper- 
ation up to 36 and 44 volts, respectively 
(single or dual supply). 

These types are available in 8-lead TO-5 
style packages with standard leads ("T" 
suffix) and with dual-in-line formed leads 
“DIL-CAN" (“S” suffix). Type CA3094 is 
also available in an 8-lead dual-in-line plastic 
package “MINI-DIP” (“E“ suffix), and in 
chip form ("H" suffix). 


Features: 

■ Designed for single or dual power supply 

■ Programmable: strobing, gating, squelching, 

AGC capabilities 

■ Can deliver 3 watts (avg.) or 10 W (peak) to 
external load (in switching mode) 

■ High-power, single-ended class A amplifier will 
deliver power output of 0.6 watt (1.6 W device 
dissipation) 

■ Total harmonic distortion (THD) @ 0.6 W in 
class A operation — 1.4% typ. 

■ High current-handling capability — 100 mA (avg.), 
300 mA (peak) 

■ Sensitivity controlled by varying bias current 

■ Output: "sink" or "drive" capability 

Applications: ^ 

■ Error-signal detector: temperature control 
with thermistor sensor; speed control for 
shunt wound dc motor 

■ Over-current, over-voltage, over-temperature 
protectors 

■ Dual-tracking power supply with RCA-CA3085 

■ Wide-frequency-range oscillator ■ Analog timer 

■ Level detector ■ Alarm systems ■ Voltage follower 

■ Ramp-voltage generator ■ High-power 

comparator 

■ Ground-fault interrupter (GFI) circuits 


MAXIMUM RATINGS, Absolute- Maximum Values: 

DC SUPPLY VOLTAGE: 

Dual Supply 

Single Supply 

DC DIFFERENTIAL INPUT VOLTAGE 

(Terminals 2 and 3) 

DC COMMON-MODE INPUT VOLTAGE 

PEAK INPUT SIGNAL CURRENT 

(Terminals 2 and 3) 

PEAK AMPLIFIER BIAS CURRENT 

(Terminal 5) 

OUTPUT CURRENT: 

Peak 

Average 

DEVICE DISSIPATION: 

Up to Ta = 550C: 

Without heat sink 

With heat sink 

Above T a = 55°C • 

Without heat sink derate linearly 

With heat sink derate linearly 

THERMAL RESISTANCE 

(Junction to Air) 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) 
from case for 1 0 s max . 



‘Exceeding this voltage rating will not damage the device unless the peak input signal current (1 mA) is also exceeded. 



TO-5 Style Package 



Plastic Package 
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CA3094, CA3094A, CA3094B Types 


ELECTRICAL CHARACTERISTICS at T^ = 25°C For Equipment Design 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Single Supply V+ = 30 V 
Dual Supply V+ = 15 V, 
V-= 15 V 
•ABC= 100 /i A 
Unless Otherwise 
Specified 

Min. 

Typ. 

Max. 

INPUT PARAMETERS | 

Input Offset Voltage V|o 

Ta = 25°C 
T A = 0 to 70°C 

- 

0.4 

5 

7 

mV 

mV 

Input-Offset- Voltage Change | AV|o| 

Change in V|0 
Between IaBC = 100 ju A 
and 1 ABC = 5 p A 

- 

1 

8 

mV 

Input Offset Current l|0 

Ta = 25°C 
T A = 0 to 70°C 


0.02 

0.2 

0.3 

pA 

pA 

Input Bias Current l| 

Ta = 25°C 
Ta = 0 to 70°C 

— 

0.2 

0.50 

0.70 

ma 

mA 

Device Dissipation Pq 

•out ” 0 

8 

10 

12 

mW 

Common-Mode Rejection Ratio CMRR 


70 

110 

- 

dB 

Common-Mode Input- 
Voltage Range 

V X - nv High 

27 

28.8 

- 

V 

- 30 V 

Low 

1.0 

0.5 

- 

V 

V+= 15 V 
V- = 15 V 

+12 

-14 

+13.8 

-14.5 

- 

V 

V 

Unity Gain-Bandwidth 

1C = 7.5 mA 
VcE= 15 V 
1 ABC = 500 pA 

- 

30 

- 

MHz 

Open-Loop Bandwidth 

bwol 

At -3 dB Point 

1C = 7.5 mA 
VcE= 15 V 
IABC = 500 pA 

- 

4 

- 

kHz 

Total Harmonic Distortion 

THD 

(Class A Operation) 

Pq = 220 mW 
Pq = 600 mW 

- 

0.4 

1.4 

- 

% 

Amplifier Bias Voltage VabC 

(Terminal (No.5 to Terminal No. 4) 


- 

0.68 

- 

V 

Input Offset Voltage AV|o/AT 

Temperature Coefficient 


- 

4 

- 

p\j/°C 

Power-Supply Rejection AV|o/AV 


- 

15 

150 

HiV/V 

1/F Noise Voltage EN 

f = 10 Hz 
IABC = 50 pA 

- 

18 

- 

t/V/VHz 

1/F Noise Current l|sj 

f = 10 Hz 
lABC= 50 mA 

- 

1.8 

- 

pA/AHz 

Differential Input Resistance R| 

lABC = 20 pA 

0.50 

1 

- 

M ft 

Differential Input Capacitance C| 

f = 1 MHz 
V+ = 30 V 

- 

2.6 

- 

pF 


EXTERNAL FREQUENCY 



TYPICAL CHARACTERISTICS CURVES 


5 

4 

3 

S 2 
> 

SUPPLY VOLTS :V + * + 15, V"*-I5 
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Ll +I2 

5*C/ 














+90, 

■A t 

r 55 

•c 













Jjf 

\ir 





m 


— 

— 

— 

- 





i 0 
3 

* -2 


+90 











— rf- 

|-55*C . 

+ 25 1 

tzs 


b 












+ 76 


/ 

t 













O -4 

3 -5 

s -6 

-7 




z 















p 

5* 

’C ' 



1 









/ 






n 




1 





/ 






j 









-I 

— J 

< 

-■ 



: — - 

J 

€ 


— . 







_ 




O- 1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES ( IaBC 1 

92CS - 1 7588 


Fig. 2 - Input offset voltage vs. amplifier bias 
current (I a BO terminal No. 5). 



Fig.3 — Input offset current vs. amplifier bias 
current (I ABC* terminal No.5). 
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CA3094, CA3094A, CA3094B Types 


ELECTRICAL CHARACTERISTICS at Ta - 25 C For Equipment Design 


CHARACTERISTIC 


OUTPUT PARAMETERS (Differential Input Voltage = IV) 


Peak Output Voltage: 


TEST CONDITIONS 

LIMITS | 

Single Supply V+ = 30 V 
Dual Supply V + = 15 V, 
V- = 15 V 
1 ABC = 100 pA 
Unless Otherwise 
Specified 

Min. 

Typ. 

Max. 


TYPICAL CHARACTERISTICS CURVES 
(Cont'd) 

I I0 4 .| SUPPLY VOLTS l V + ■+IB,V”*-IS 1 1 I | I I ' ~ t "t I R 


(Terminal No. 6) 

With Q13 “ON" V+OM 
With Q13 "OFF" V~OM 


V+ = 30 V 

V+OM Rl = 2 kH to ground 


(Terminal No. 6) 
Positive 
Negative 


V+ = +15V, V' = -1! 
RL = 2 k£2 to -15 V 



AMPLIFIER BIAS MICROAMPERES (I AB c) 

92CS- 

Fig.4 - Input bias current vs. amplifier bias 
current (I ABC* terminal No. 5). 



Peak Output Voltage: 
(Terminal No. 8) 

Positive V+OM 

Negative V~OM 

V+ = 15V, V- = - 15 V 
RL = 2 kil to + 15 V 

+ 14.95 

+ 14.99 
14.96 

- 

V 

V 

Col lector-to- E m i tter 

V+ = 30 V 





Saturation Voltage 
(Terminal No. 8) VcE(sat) 

1C = 50 mA 

Terminal No.6 grounded 

‘ - 

0.17 

0.80 

V 



AMPLIFIER BIAS CURRENT (IabCI- 


Output Leakage Current 

(Terminal No. 6 to V+ = 30 V 

Terminal No. 4) 


Composite Small-Signal V+ = 30 V 

Current Transfer Ratio (Beta) Vce = 5 V 
(di2andQi3) hf e Iq=50itiA 


Output Capacitance: 
Terminal No. 6 
Terminal No. 8 


Fig.5- Device dissipation vs. amplifier bias 
current (I ABC' terminal No. 5). 


TRANSFER PARAMETERS 


Voltage Gain 


Forward Transconductance 
To Terminal No. 1 9 


Slew Rate: 

Open Loop: 
Positive Slope 
Negative Slope 


Unity Gain 
(Non-Inverting, 
Compensated) 


V+ = 30 V 
lABC = 100 juA 
AV out = 20 V 
R|=2k S2 


I ABC = 500 pA 
RL= 2kfi 


I ABC = 500 pA 
R|_ = 2 kO 



amplifier bias current (Iabc)-mA 92CW0JBr 

Fig. 7 - Common mode input voltage vs. amplifier 
bias current OaBG terminal No. 5). 


































CA3094, CA3094A, CA3094B Types 



Fig. 8 - l/F Noise voltage vs. frequency. 


Fig. 9 - l/F Noise current vs. frequency. 


Fig. 10 — Collector-emitter saturation voltage 
vs. collector current of output tran- 
sistor Q j2. 




Fig. 11 - Composite dc beta vs. collector current Fig. 12 - Open-loop voltage gain vs. frequency, 

of Darlington-connected output tran- 
sistors (Qj2> Q/jA 



Fig. 13 — Forward transconductance vs 
amplifier bias current. 



92CS-20393 

Fig. 14 — Slew rate vs amplifier bias current. 



Fig. 15 — Slew rate vs closed-loop voltage gain. 



Fig. 16 — Phase compensation capacitance and 
resistance vs closed-loop voltage gain. 


OPERATING CONSIDERATIONS 

The "Sink" Output (terminal No.8) and the 
"Drive" Output (terminal No.6) of the 
CA3094 are not inherently current (or power) 
limited. Therefore, if a load is connected 
between terminal No.6 and terminal No.4 
(V - or ground), it is important to connect a 
current-limiting resistor between terminal 
8 and terminal No.7 (V + ) to protect tran- 
sistor 0*13 under shorted load conditions. 
Similarly, if a load is connected between 
terminal No.8 and terminal No.7, the current- 
limiting resistor should be connected be- 
tween terminal No.6 and terminal No.4 or 
ground. In circuit applications where the 
emitter of the output transistor is not con- 
nected to the most negative potential in 
the system, it is recommended that a 100- 
ohm current-limiting resistor be inserted be- 
tween terminal No.7 and the V + supply. 


TEST CIRCUITS 
l/F Noise Measurement Circuit 
When using the CA3094, A, or B audio amp- 
lifier circuits, it is frequently necessary to 
consider the noise performance of the de- 
vice. Noise measurements are made in the 
circuit shown in Fig.21. This circuit is a 
30-dB, non-inverting amplifier with emitter- 
follower output and phase compensation 
from terminal No.2 to ground. Source re- 
sistors (Rs) are set to O.fi or 1 for 
E noise and I noise measurements, respec- 
tively. These measurements are made at 
frequencies of 10, Hz, 100 Hz, and 1 kHz 
with a 1-Hz measurement bandwidth. Typi- 
cal values for 1/f noise at 10 Hz and 50 juA 
lABC are E n = 18 nV//fl£ and In = 1.8 

pA/yri?- v 


+ 50 V 



Fig. 17 - Input offset voltage and power-supply 
rejection test circuit. 
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CA3094, CA3094A, CA3094B Types 



Fig. 18 — Input offset current test circuit. 



Fig.21 — I /F noise test circuit. 


•19V 



Fig.24 - Slew rate vs. non-inverting unity gain 
test circuit. 




120 VAC 



COMMON 


C| *0.5^F 
D | • IN9I4 

R | * 0.51 Mil* 3 MIN. 
R 2 * 5-1 Mil*30 MIN. 
R 3 - 22 Mil • 2 HRS. 
R 4 * 44 Mil' A HRS. 
R5 » 1.5 Kft 
R 6 * 50 Kil 
R7* 5.1 Kli 
R 8 * 1.5 Kil 



S 2 SET TO R4 


* POTENTIOMETER REQUIRED FOR INITIAL TIME SET 
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION 
WITH TEMPERATURE < 0.3 %/*C- 


Fig. 25 — Phase compensation test circuit. 


Fig. 26 — Presettable analog timer. 


TYPICAL APPLICATIONS 
For Additional Application Information, re- 
fer to Application Note I CAN-6048 "Some 
Applications of a Programmable Power/ 
Switch Amplifier 1C". 

Design Considerations 

The selection of the optimum amplifier bias 
current OaBC) depends on — 

1. The Desired Sensitivity — the higher the 


I ABC/ the higher the sensitivity — i.e., a 
greater-drive current capability at the out- 
put for a specific voltage change at 
the input. 

2. Required Input Resistance — the lower 
the 1 ABC/ the higher the input resistance. 
If the desired sensitivity and requred input 
resistance are not known and are to be ex- 
perimentally determined, or the anticipated 


equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it 
is recommended that the equipment designer 
begin his calculations with an I ABC of 100 
jiiA, since the CA3094 is Characterized at 
this value of amplifier bias current. 

The CA3094 is extremely versatile and can 
be used in a wide variety of applications. 
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CA3094, CA3094A, CA3094B Types 

TYPICAL APPLICATIONS (Cont'd) 


AS AN INVERTING OP-AMP 



WHERE • f ( 2J-) DEPENDS ON THE 

CHARACTERISTICS OF Z| AND Zz 
(0). 



WHERE EquT'Ein 


IN SINGLE- ENDED OUTPUT OPERATION.THE CA3094 
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 


Fig. 27 - Application of the CA3094: (a) as an inverting op-amp, and 
(b) in a non-inverting mode, as a follower. 



PU J~U“UT 


CURRENT >__A 
INPUT 3 Y 
OR 


TIME DELAY (SECONDS) «RC APPROX. 



Problem: To calculate the maximum value of R 
required to switch a 100-mA output current 
comparator 

G ' Ven ' I ABC “ r ABC = 3 * 6 

pullup *1 = 500 nA ® ^ABC = 100 /iA (from Fig.4) 

lj = 5 jUA can be determined by drawing a line on 
Fig.4 through I ABC = 100 JUA and lg 55 500 nA 
parallel to the typical Ta = 25°C curve. 

Then: l| = 33 nA @ I ABC = 5 jUA 

^ut D 18-12 volts 

R max = ■ 33 n/ ^ = 180 Mrt @ T A =25°C 

R max = 180 Mfi x 2/3 # = 120 MJ2@ 

T a = — 55°C 

j 406 ri * Ratio of 1 1 at T A = +25°c to 1 1 at T A = -55°C 

for any given vaTue of I ABC- 


Fig. 31 — Current or voltage-controlled oscillator. 


Fig. 28 - RC timer. 


’ 1 

— 
’ 100 Xfi 


0.01 *F_ 


1 

II 

100 ko! 



V DC 

1 RCA 
44005 

Fl 

c 

100 Kfl< 

Lj 

* lOOKflJ 

1 3 

> imo; 

l—i 



Fig.32 — Single-supply astabfe multivibrator. 


On a negative-going transient at input (A), a 
negative pulse at C will turn "on" the CA3094, 
and the output (E) will go from a low to a high 
level. 


At the end of the time constant determined by Ci , 
Rl, R 2 , R 3 . the CA3094 will return to the "off" 
state and the output will be pulled low by 
8 LOAD- This condition will be independent of 
the interval when input A returns to a high level. 


Fig. 29 - RC timer triggered by external negative pulse. 


JklN9l4 >510 fl 


P2.7MI1 

< 

c 

cs 

2 MY^AR* 

y\ 

l 



n n R,IM0 

C * ,mF 

»UT Ik- 120.— ]l 


TIME CONSTANT t * RCiIZO 
PULSE WIDTH wMK-^S- 



Fig.33 - Dual -supply as table multivibrator. 


Fig. 30 - Free-running pulse generator. 
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CA3094, CA3094A, CA3094B Types 


TYPICAL APPLICATIONS (Cont'd) 



(a) DUAL SUPPLY <b) SINGLE SUPPLY 

Fig. 34 - Comparators (threshold detectors) -dual- 
arid single-supply types. 




MAX. LINE 


a v 0UT 

[v 0U T (INITIAL)] A V|N 


100*0 075% /V 




Fig. 37 - Ground fault interrupter (GFI) and 
Fig. 36 - Dual-voltage tracking regulator. waveform pertinent to ground fault 

detector. 
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CA3094, CA3094A, CA3094B Types 



Power Output (80 load. Tone Control set at "Flat") 

Music (at 5% THD, regulated supply) 

Continuous (at 0.2% IMD, 60 Hz & 2 kHz mixed m a 4:1 ratio, 

unregulated supply) See Figr8 In ICAN-6048 

Total Harmonic Distoration 

At 1 W, unregulated supply 

At 12 W. unregulated supply 

Voltage Gam 

Hum and Noise (Below continuous Power Output) 

Input Resistance 

Tone Control Range See Fig. 9 In 


15 W 

12 W 

0.05 % 

0.57 % 

40 dB 

83 dB 

250 kSI 

ICAN 6048 


Fig.38 — 12-watt amplifier circuit featuring true complementary-symmetry 
output stage with CA3094 in driver stage. 
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CA3095E 


Super-Beta Transistor Array 

Differential Cascode Amplifier Plus 3 Independent Transistors 


RCA-CA3095E is a monolithic array of transistors con- 
nected as a super-beta differential cascode amplifier with 
three independent n-p-n transistors. (Refer to Fig. 1 for 
following description.) 

The differential cascode amplifier incorporates two cascode 
amplifiers consisting of transistors Q1, Q3 and Q2, Q4, 
respectively, plus a voltage-limiting circuit, consisting of 
diodes D1, D2 and p-n-p transistor Q5. Two of these 
transistors, Q1 and Q2, are super-beta types that have an 
hpE > 1000 and are capable of operating over a wide current 
range of 1 pA to 2 mA. Each of these types comprises the 
input section of its respective cascode amplifier. The output 
section of each cascode amplifier employs a conventional 
n-p-n transistor, Q3, Q4, respectively. The output signal is 
obtained at the collectors of these transistors. See Operating 
Considerations for bias considerations of the differential 
cascode amplifier. 


The exceptionally high-beta characteristics of Q1 and Q2, 
plus the large signal-voltage swing capability of Q3 and Q4, 
make the composite differential cascode amplifier an excel- 
lent choice for a broad range of small-signal, high-input- 
impedance amplifier applications including low-noise video 
amplifiers. This amplifier is also recommended for use in 
long-interval timers, oscillators, and long-duration one-shot 
applications. 

The independent transistors, Q6, Q7 and Q8, are high-voltage 
silicon n-p-n conventional types for general use in signal 
processing systems in the frequency range from dc through 
vhf. Separate terminals for each of these transistors permit 
maximum flexibility in circuit design. 

The CA3095E is supplied in a 16-lead dual-in-line plastic 
package and operates over the ambient temperature range of 
— 55°C to +125°C 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25 °C 


Power Dissipation: 

Any One Transistor 300 

Total Package- 

Up to 25 °C 750 

Above 25 C derate linearly 6.67 

Ambient Temperature Range: 

Operating -55 to +125 

Storage -55 to +150 

Lead Temperature (During Soldering): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 seconds max +265 

Voltage and Current Ratings Apply for Each 
Specified Transistor: 

Super-Beta Transistors (Q1, Q2)- 

Collector-to-Base Voltage (VcBO> 6 

Emitter-to-Base Voltage (VgaO* 6 

Collector-to-Substrate Voltage (Vciol*- • 45 

Collector Current (Iq) 50 

Base Current (Ig) 20 


mW 

mW 

mW/°C 

°C 

°C 

°c 


V 

V 

V 


mA 

mA 


Conventional N-P-N Transistors (Q3, Q4, Q 6 
Q7, Q 8 )— 

Collector-to-Base Voltage (VcboI 45 V 

Collector-to-Emitter Voltage (Vceo) • • • 35 V 

Emitter-to-Base Voltage (VebqI „ 6 V 

Collector-to-Substrate Voltage (Vcio)* - • 45 V 

Collector Current (Iq) 50 m A 

Base Current (I b> 20 mA 

Conventional P-N-P Transistor (Q5)— • 

Collector-to-Base Voltage (VcbO* - 45 V 

Collector-to-Emitter Voltage (Vqeq) . . . —35 V 

Limiting Circuit Current (lpj n n) 20 mA 


* The collector of each transistor is isolated from the substrate by 
an integral diode. The substrate must be connected to a voltage 
which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the 
substrate terminal should be maintained at either dc or signal (ac) 
ground. A suitable bypass capacitor can be used to establish a signal 
ground. 


STATIC CHARACTERISTICS 


Features 

■ Two super-beta n-p-n transistors — hpE > 1000 

■ Voltage-limiting circuitry (D1, D2, Q5) 

■ Operation possible at I (B down to < 1 nA 

■ Matched pair (Q1 and Q2) — 

V|o = 5 mV max. at lc = 100 pA dc 
l|0 = 20 nA max. at lc - 100 pA dc 

■ Wide current range — < 1 pA to 2 mA 
Independent Transistors: 

■ hpE = 300 typ. for each transistor 

■ Wide current range — < 1 pA to 10 mA 

■ Matched general-purpose transistors 

■ High voltage — VqbO “ 45 V max. 

Applications 

Differential Cascode Amplifier: 

■ Super-beta pre-amplifier for op-amp 

■ High-impedance dc meter amplifier 

■ Low-noise video amplifier 

■ Piezoelectric transducer amplifier 

■ Long-interval timer 

■ Long-duration one-shot multivibrator 

■ Comparator with high-input impedance 

■ Long-time-constant integrator 

■ Photocell amplifier 

■ Low-noise amplifier— for operation from high-source 

impedances 

Independent Transistors: 

■ General use in signal processing systems in dc through vhf range 





Test Conditions 

Limits 


Characteristics 

Symbol 

T A = 25 °C 

Min. 

Typ. 

Max. 

Units 

Characteristics Apply for Each Super-Beta Cascode Amplifier Transistor 
Pair (Q1, Q3) and (Q2, Q4), Unless Indicated Otherwise 

Collector-to-Base Breakdown Voltage 

V(BR)CBO 

Iq = 10 pA, Ig = 0 See Note 1 

6 

- 


V 

Emitter-to-Base Breakdown Voltage 
(Applies only to Q1 & Q2) 

v (BR)EB0 

. , . Term. 9 to 8 or 

Ip = 100 pA. Iq = 0 _ 

c ^ Term. 7 to 8 

6 

8 


V 

Collector-to-Substrate Breakdown Voltage 

v (BR)CIO 

1 C 1 = 100 M A , • B = 1 E = 0 

45 

- 

... 

V 

Collector Cutoff Current 

<CER 

Vg _8 or Vi 0-8 = 1 0 V, 1 1 1 = 100 u A 
R B E = 100 mH 



100 

nA 



Vio_g = 5V 

< 

E 

o 

- 

1500 



DC Forward-Current Transfer Ratio 

h FE 

Vq — 8 = 5 V 

l C = 100 uA 

1000 

2000 

5000 





' C = 10 mA 

- 

1500 



Base-to-Emitter Voltage 

(Applies only to Q1 & Q2) 

V BE 

1C = 100 nA. Vg _8 or Viq _8 = 5 V 

0.50 

0.59 

0.68 

V 

Saturation Voltage 

V sa t 

16 or 1 10 = 1 mA , 1 1 1 = 100 mA, 

1 7 or lg = 100 jrA 

- 

0.22 

0.7 

V 

For Cascode Amplifiers as a Differential Matched Pair | 

Magnitude of Input-Offset Voltage 

liol 

ic = 100 mA 



1 

5 

mV 

Magnitude of Input-Offset Current 

I'ioI 

v 6 8 = Vi 0-8 = 5 V 


- 

4 

20 

nA 

Magnitude of Input-Offset Voltage Drift 
(Temp. Coeff.) 

|AV|qI 

“At - 




3.3 


PV/'C 

Magnitude of Input-Offset Current Drift 
(Temp. Coeff.) 

|A||qI 

At 



- 

0.05 

- 

nA/°C 


Note 1 : Terminal No. 9 to terminals 10 and 1 1 connected or terminal No. 7 to terminals 6 and 1 1 connected. 


Fig. 1— Functional diagram. 


Test Circuits for Measurement of Super-Beta 
Cascode Amplifier Characteristics 




F‘9-3—IcER test circuit 
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Noise Voltage (Referred to Input) 
Noise Current (Referred to Input) 
Collector-to-Base Capacitance 
Collector-to-Substrate Capacitance 
* Curve plotted for I qjtq character! 


lc = 100 pA. Vce “ 5 v 


lc = 3 mA, Vce " 5 V 
l C = 100 nA. V C E = 5 V, f = 10 Hz 
" l C = 10/iA, V C E = 5 V. f = 10 Hz 
' V CB = 5V. I E = 0 
' V C | =5 V. I B = 0 


Fig.6-Collector cut-off current vs ambient 
temperature for super-beta cascode 



10 100 1000 10,000 
COLLECTOR CURRENT (I C 1- M A 92CS . MSM 

Fig. 7-hpE vs. Iq for each super-beta cascode 
amplifier transistor pair (Q 1, Q3 ) and 
(Q2, Q4>. 



> 100 1000 
COLLECTOR CURRENT (I c > — 


Fig. 8— Vg£ vs. Jq for each super-beta tran- 
sistor (Q 1 and Q2). 




Fig.9-Vce( sat ) vs. Iq for each super-beta 
cascode amplifier transistor pair (Q1, 
Q3J and (Q2, Q4I. 
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CA3095E 



92CS-20S29 


Fig.22-Gain bandwidth product vs collector 
current for the conventional 
transistors. 
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Fig.23-Noise voltage vs frequency for the 
conventional transistors. 



Fig. 24— 2ft vs. f for each conventional tran- 
sistor (06, Q7, Q8). 



92CS-20J99 

Fig.2S-Collector-to-base and emitter-to-base 
capacitances vs bias voltage for the 
conventional transistors. 



92CS-20J70 

Fig.26—Collector-to-substrate capacitance vs bias voltage 
for the conventional transistors. 


TYPICAL APPLICATIONS 


Operating Considerations 

Operation Considerations for the Super-Beta Differential 
Cascode Amplifier 

An internal voltage-limiting network (diodes D1, 02 and 
p-n-p transistor Q5) incorporated in the differential cas- 
code amplifier, assures that the applied collector-to-emitter 
voltage of each super-beta unit is maintained below two 
volts. Fig. 27 shows a typical bias arrangement of the 
super-beta differential cascode amplifier. 

Bias current for this network must be supplied by an 
external source. This bias current can be obtained by 
simply connecting a resistor from Pin 11 to the positive 
supply of the differential amplifier. The return path for 
most of the bias current is through the substrate, Pin 5, 
rather than through the common emitter, Pin 8. This 
arraotjement provides superior common-mode and power- 
supply rejection. As a general rule-of-thumb, the current 
supplied into Pin 11 should be approximately 0.04 to 0.1 
times the value of the quiescent current of Pin 8. 



Fig.27— Bias arrangement for operation of the super-beta 
differential cascode amplifier. 



Fig. 28— Super-beta Op-Amp with diode drive network. 
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CA3095E 


TYPICAL APPLICATIONS (Cont'd) 







Fig.34-CA3095E wideband amplifier. Fig.35- Equivalent input noise voltage vs. frequency 

for circuit of figure 34. 
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CA3096, CA3096A, CA3096C 


N-P-N/P-N-P Transistor- Array 

Five-Independent Transistors: Three n-p-n and Two p-n-p 


RCA-CA3096CE, CA3096E, and CA3096AE 
are general-purpose high-voltage silicon tran- 
sistor arrays. Each array consists of five 
independent transistors (two p-n-p and three 
n-p-n types) on a common substrate, which 
has a separate connection. Independent con- 
nections for each transistor permit maximum 
flexibility in circuit design. 


Types CA3096AE, CA3096E, and CA3096CE 
are identical, except that the CA3096AE 
specifications include parameter matching 
and greater stringency in IqbO' 'CEO and 
V ce (SAT). The CA3096CE is a relaxed 
version of the CA3096E. 

The CA3096CE, CA3096E, and CA3096AE 
are supplied in 16-lead dual-in-line plastic 
packages. 


Applications: 

■ Differential Amplifiers 

■ DC Amplifiers 

■ Sense Amplifiers 

■ Level Shifters 

■ Timers 

■ Lamp and Relay Drivers 

■ Thyristor Firing Circuits 

■ Temperature-Compensated Amplifiers 

■ Operational Amplifiers 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-EMITTER VOLTAGE, V CE0 : 

CA3096AE, CA3096E 

CA3096CE 

COLLECTOR-TO-BASE VOLTAGE, V CB0 : 

CA3096AE, CA3096E 

CA3096CE 

COLLECTOR-TO-SUBSTRATE VOLTAGE, V C(0 : 

CA3096AE, CA3096E . 

CA3096CE 

EMITTER-TO-SUBSTRATE VOLTAGE, V E | Q : 
CA3096AE, CA3096E ........ 

CA3096CE 

EMITTER-TO-BASE VOLTAGE, V EB0 : 

CA3096E, CA3096E . . 

CA3096CE 

COLLECTOR CURRENT, l c (All Types) . . . 

POWER DISSIPATION, P D : 

Up to T A = 55°C: 

Device (Total) . 

Each Transistor 

Above T A = 55 C derate linearly at . . . . 

AMBIENT-TEMPERATURE RANGE, T a : • 

Operating 

Storage ... 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) 
from case for 10 s max 


EACH 

EACH 


N-P-N 

P-N-P 


35 

-40 

V 

24 

-24 

V 

45 

-40 

V 

30 

-24 

V 

45 

_ 

V 

30 

- 

V 

_ 

-40 

V 

- 

-24 

V 

6 

-40 

V 

6 

-24 

V 

50 

-10 

mA 


750 mW 

200 mW 

6.67 mW/°C 

. . —55 to +125°C 

. . —65 to +150°C 


265°C 



Fig. 1 — Base-to-emitter zener characteristic 
(n-p-n). 



TEMPERATURE— *C 

92C3- 2031 0 


Fig. 2 - Collector cut-off current Oqeq) as a 
function of temperature (n-p-n). 



Schematic Diagram 


CA3096AE, CA3096E, CA3096CE 
ESSENTIAL DIFFERENCES 



186 






CA3096, CA3096A, CA3096C 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25“C 
For Equipment Design 


CHARAC- 

TERISTIC 

TEST 

CONDITIONS 

LIMITS | 

UNITS 

CA3096AE 

CA3096E 

CA3096CE 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ- 

Max. 

For Each n-p-n Transistor j 

'CBO 

V CB = 10V, 

'E = o 


0.001 

40 

— 

0.001 

100 

— 

0.001 

100 

nA 

'CEO 

V CE = 10 V, 

'b = o 

- 

0.006 

100 

- 

0.006 

1000 

- 

0.006 

1000 

nA 

v (BR)CEO 

Ip = 1 mA, 
>8 = 0 

35 

50 

- 

35 

50 

- 

24 

35 

- 

V 

V (BR)CBO 

l c = 10nA, 
l E = 0 

45 

100 

- 

45 

100 

- 

30 

80 

- 

V 

V (BR)CIO 

I C | = 10mA, 

>B= >E = 0 

45 

100 

- 

45 

100 

- 

30 

80 

- 

V 

V (BR)EBO 

1 E = 1 0 A, 

i c = o 

6 

8 

- 

6 

8 


6 

8 

- 

V 

V Z 

l z = 10 /jA 

6 

7.9 

9.8 

6 

7.9 

9.8 

6 

7.9 

9.8 

V 

V CE(SAT) 

l c = 10mA, 
Ig = 1 mA 

- 

0.24 

0.5 

- 

0.24 

0.7 

- 

0.24 

0.7 

V 

V BE 

Iq = 1 mA, 
V CE =5V 

0.6 

0.69 

0.78 

0.6 

0.69 

0.78 

0.6 

0.69 

0.78 

V 

hFE 

150 

390 

500 

150 

390 

500 

100 

390 

670 


IAV BE /AT| 

Iq = 1 mA, 
V CE =5V 


1.9 

- 

- 

1.9 

- 

- 

1.9 

- 

mV/°C 



Fig. 3 — Collector cut-off current (Iqbq) as a 
function of temperature (n-p-n). 



Fig. 4 — Transistor (n-p-n) h p E as a function of 
collector current. 



Fig. 5 - Vgp (n-p-n) as a function of collector 
current. 



ture. 



Fig. 7- V CE (SA T) (n-p-n) as a function of col- 
lector current. 
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CA3096, CA3096A, CA3096C 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (Cont'd) 
For Equipment Design 

IcHARAC- I TEST I . LIMITS ~ 


I LIMITS ] 

CA3096AE 

CA3096E 

CA3096CE 

Min. Typ. Max. 

Min. Typ. Max 

Min. Typ. Max. 


For Each p-n-p Transistor 

‘CBO V CB = -10V, - -0.006 -40 - -0.06 -100 - -0.06 -100 nA 

i E = o 


'CEO V CE 


V r c = -10V, 


-0.12 -100 - -0.12 -1000 - -0.12 -1000 nA 



'(BR)CEO 

l c = -IOO^iA, 

«B = 0 

-40 

-75 


-40 

-75 


-24 

'(BR)CBO 

I c = -10mA, 

■e = 0 

-40 

-80 

- 

-40 

-80 

- 

-24 

'(BR)EBO 

l E = -10/iA, 
>c = 0 

-40 

-100 

- 

-40 

-100 

- 

-24 

r (BR)EIO 

l E | = 10/uA, 
i B = !q = 0 

-40 

-100 

- 

-40 

-100 

- 

-24 

'CE(SAT) 

1 0 = — 1 mA, 
l B = -IOOjuA 

- 

-0.16 

-0.4 

- 

-0.16 

-0.4 

- 

BE 

l c = -100 ju A, 

-0.5 

-0.6 

-0.7 

-0.5 

-0.6 

-0.7 

-0.5 


Fig. 8 — Collector cut-off current (Iq^q) as a 
function of temperature (p-n-p). 



I c = — 100juA, 40 85 200 40 85 200 30 85 300 

V CE = -5V 

I C == — 1 mA, 20 47 150 20 47 150 15 47 200 

V CE =-5V 


|AV be /AT| I c =-100mA, - 2.2 

V CE =-5V 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (CA3096AE Only) 
For Equipment Design 


CHARACTERISTIC 


TEST 

CONDITIONS 


LIMITS 

CA3096A~i UNITS 
Min. |Typ. I Max. 


For Transistors Q1 and Q2 (as a Differential Amplifier) 


Absolute Input Offset Voltage, 

|V| 0 I 

Absolute Input Offset Current, 

I'ioI 

Absolute Input Offset Voltage 

|AV I0 I 

Temperature Coefficient, 

AT 


- 

0.3 

5 

mV 

- 

0.07 

0.6 

/iA 

_ 

1.1 

_ 

juV/°C 


For Transistors Q4 and Q5 (As a Differential Amplifier) 


Absolute Input Offset Voltage, | Vjq 


- 


mV 

Absolute Input Offset Current, |l |q| 

V CE = — 5 V, l c = — IOOjuA 

- 


nA 

Absolute Input Offset Voltage IAVjqI 
Temperature Coefficient, AT 

R S = 0 

- 

0.54 

- 

MV/°C 


Fig. 9 — Collector cut-off current (Iqqq) as a 
function of temperature (p-n-p). 
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Fig. 10 — Transistor (p-n-p) hppas a function 
of collector current. 



Fig. 11 — Transistor (p-n-p) h p pas a function 
of temperature. 
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CA3096, CA3096A, CA3096C 


DYNAMIC 

ELECTRICAL CHARACTERISTICS at T A = 25°C 


Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

TEST CONDITIONS 


UNITS 

For Each n-p-n Transistor 

Noise Figure (low frequency), NF 

f = 1 kHz, V CE = 5 V, 
Iq = 1 mA, Rg = 1 kL2 


dB 

Low-Frequency, Input Resistance, Rj 

f= 1.0kHz, V ce = 5V, 

10 


Low-Frequency Output Resistance, R 0 

Iq = 1 mA 

80 


Admittance Characteristics: 


■m 


Forward Transfer Admittance, ^f e 


m&m 

mmho 

Vfe b fe 


— j 1 3 


9ie 

f= 1 MHz, Vpp = 5 V, 
Iq = 1 mA 

2.2 


Input Admittance, ... 

Yie k- 
D ie 


mmho 

g oe 

Output Admittance, 


0.76 


Voe , 
b oe 


j2.4 

■H 

Gain-Bandwidth Product, fy 

V C e = 5 V, Iq = 1.0mA 

280 


Vq E -5V, 1 q = 5 mA 

335 


Emitter-to-Base Capacitance, C E g 

V EB = 3V 

0.75 

pF 

Collector-to-Base Capacitance, Cq b 

Vq B = 3 V 

0.46 

pF 

Collector-to-Substrate Capacitance, Cq| 

V C , = 3 V 

3.2 

pF 

For Each p-n-p Transistor 

Noise Figure (low frequency), NF 

f = 1 kHz, 

l c = IOOjuA, R s = 1 k£2 



Low-Frequency Input Resistance, Rj 

f = 1 kHz, V CE = 5 V, 

27 


Low- Frequency Output Resistance, R Q 

Iq = 100 fiA 



Gain Bandwidth Product, fy 

V C E= 5 V, l c =100juA 

6.8 

MHz 

Emitter-to-Base Capacitance, C E g 

V EB = — 3 V 

0.85 

pF 

Collector-to-Base Capacitance, Cq B 

Vqb = -3 V 

2.25 

pF 

Base-to-Substrate Capacitance, Cg| 

Vg| = 3V 

3.05 

pF 


i 

COLLECTOR-TO-EMITTER VOLTAGE (Vce) *SV | 



i 

r: 

u o- 7 
3 

5 0.6 
§ 

£ 0.3 
i 0.4 

V 

g 0.3 
< 0.2 
0.1 
0 



r 



t 

n 
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COLLECTOR CURRENT (Ic ) — mA 

92CS-2032I 

Fig. 12 - Vq£ I p-n-p ) as a function of collector 
current. 
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TEMPERATURE — *C 92CS-20322 

Fig. 13 - l/g£r (p-n-p) as a function of tempera- 
ture. 



Fig. 14 - Magnitude of input offset voltage 
| V/q\ as a function of collector 
current for n-p-n transistor Qj— 02 - 



Fig. 15 — Magnitude of input offset voltage 
\V I q\ as a function of collector 
current for p-n-p transistor Q^—Q^ 


\ 




Fig. 16 — Noise figure as a function of frequen- Fig. 17 — Noise figure as a function of frequen- 
cy for n-p-n transistors. cy for n-p-n transistors. 
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CA3096, CA3096A, CA3096C 



FREQUENCY (f) — KH2 92CS-203; 

Fig. 18 — Noise as a function of frequency for 
n-p-n transistors. 
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92CS -20328 

Fig. 19 — Noise figure as a function of frequen- 
cy for n-p-n transistors. 



COLLECTOR CURRENT (Ir)-mA 


Fig. 20 — Gain-bandwidth product as a function 
of collector current (n-p-n). 
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. 21 — Capacitance as a function of bias 
voltage (n-p-n). 


COLLECTOR CURRENT { I c ) — mA 92CS- 20331 

Fig. 22 — Input resistance as a fuhction of 
collector current. 



COLLECTOR CURRENT <I C ) — mA 92CS-20J32 

Fig. 23 - Output resistance as a function of 
collector current. 






CA3096, CA3096A, CA3096C 



Fig. 30 - Gain-bandwidth product as a function Fig. 31 - Capacitance as a function of bias 

of collector current (p-n-p). vp , tage (p . n . p) 



F, OR Fj« 10 KH* 

92CS-20342RI 

Fig. 32 — Frequency comparator using 
CA3096E. 



Fig. 33 - Line-operated level switch using CA3096AE or CA3096E. Fig. 34 - Frequency comparator charac- 

teristics. 

+ 6 V 



Fig. 35 - One-minute timer using CA3096AE 


Fig. 36 - CA3096AE small-signal zero-voltage detector having noise immunity. 


and a MOS/FET. 



Fig. 37 - Ten-second timer operated form 1.5-volt Fig. 38 - Gain-frequency characteristics. 


supply using CA3096E. 


a 
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CA3096, CA3096A, CA3096C 



Features: 

1. Can be operated with either dual 
supply or single supply. 

2. Wide-input common-mode range 
+5 V to -5 V. 

3. Low bias current: < 1 juA. 


Fig. 39 — Cascade of differential amplifiers using CA3096AE. 



The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57° instead of 
90 with respect to the face of the chip. Therefore , 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 


I 


CA3096CH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


192 


CA3097E 


Thyristor/Transistor Array 

For Military, Commercial, and Industrial Applications 


RCA-CA3097E Thyristor/Transistor Array is a monolithic in- 
tegrated circuit that enables circuit designers to further inte- 
grate control systems. The CA3097E consists of five inde- 
pendent and completely isolated elements on one chip: an 
n-p-n transistor, a p-n-p/n-p-n transistor pair, a zener diode, 
a programmable unijunction transistor (PUT), and a sensitive- 
gate silicon controlled rectifier (SCR). 

The CA3097 is supplied in either the 16-lead dual-in-line 
plastic package ("E" suffix) or the chip version ("H" suffix), 
and operates over the full military-temperature range of 
-55 to +125°C. 


Includes: 

■ Uncommitted n-p-n Transistor 

■ Sensitive-Gate Silicon Controlled Rectifier 

■ Programmable Unijunction Transistor (PUT) 

■ p-n-p/n-p-n Transistor Pair 

■ Zener Diode 

■ Separate Substrate Connection 


Features: 

■ Complete isolation between elements 

■ n-p-n transistor - V CE0 a 30 V (min.) 

Iq =* 100 mA (max.) 

■ p-n-p/n-p-n transistor pair - beta 

— 8000 (typ.) @ Iq = 10 mA, individual p-n-p, n-p-n, 
or transistor pair operation 

■ Programmable unijunction transistor 
(PUT) - peak-point current - 15 nA 
(typ.) at R G ** 1 Mft; V A K - ±30 V 

■ (PUT) Extremely long RC time constants 
with low value of external capacitor 

■ Sensitive-gate silicon controlled rectifier (SCR) - 
150 mA forward current (max.) 

■ Zener-diode impedance (Z z ) ■ 15£2 
(typ.) at 10 mA 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Isolation Voltage, any terminal to substrate* +50 V 

Dissipation, Total Package: 

Up to T a = 55°C 750 mW 

Above T a = 55°C derate linearly at 6.67 mW/°C 

Ambient Temperature Range: 

Operating — 55to+125°C 

Storage —65 to +1 50°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265 °C 

Each n-p-n Transistor (Q3,Q5) 

The following ratings apply with terminals 6 & 9 connected together. 

Collector-to-Emitter Voltage (Vq E q) 30 V 

Collector-to-Base Voltage (Vqbq) . . 50 V 

Emitter-to-Base Voltage (V E bq) 5 V 

Collector Current (Iq) 100 mA 

Base Current (lg) 20 mA 

Dissipation (Pq) 500 mW 

p-n-p Transistor (Q4) 

The following ratings apply with terminals 7 & 8 connected together. 

Collector-to-Emitter Voltage <Vq E q) -40 V 

Collector-to-Base Voltage (Vqbq) -50 V 

Emitter-to-Base Voltage (V E go^ —40 V 

Collector Current (Iq) -10 mA 

Base Current (lg) -3 mA 

Dissipation (Pq) 200 mW 

p-n-p/n-p-n Transistor Pair (Q3,Q4) 

Dissipation (Pq) 500 mW 

Programmable Unijunction Transistor, PUT (Q1) 

Gate-to-Cathode Positive Voltage (Vqk) 30 V 

Gate-to-Cathode Negative Voltage (Vq X r) 5 V 

Gate-to-Anode Negative Voltage (Vq A ) 30 V 

Anode-to-Cathode Voltage (V A «) ±30 V 

DC Anode Current 150 mA 

Peak Anode Non-Recurrent Forward (On-State) Current (10 jus pulse) 2 A 

Total Average Dissipation 300 mW 

Silicon Controlled Rectifier, SCR (Q2) 

Repetitive Peak Reverse Voltage (V RRX m), r GK = 1 30 V 

Repetitive Peak Off-State Voltage (V DRXM ), r GK “ 1 30 V 

DC On-State Current (ly DC ) 150 mA 

Peak Surge (Non- Repetitive) On-State Current (10 ps pulse) 2 A 

Forward Peak Gate Current (IqfM^ 20 mA 

Peak Gate-to-Cathode Reverse Voltage (V GRW ) 5 V 

Total Average Dissipation 300 mW 

Zener Diode, (Z1) 

DC Current (l z ) 25 mA 

Dissipation (Pq) . . .. 250 mW 


* One or more of the terminals of each element of the CA3097E is isolated from the substrate by a junction diode. In order to 
maintain electrical isolation between elements, the substrate terminal must be connected to a voltage which is no more posi- 

tive than that of any other terminal. To avoid undesirable coupling between elements, the substrate terminal (terminal 10) 
should be maintained at either dc or signal (ac) ground. 


Applications: 

■ Timer* 

■ Light dimmers/motor control* 

■ Oscillators 

■ "One-shot" multivibrators 

■ Voltage.regulators 

■ Comparators, Schmitt triggers 

■ Constant-current sources 

■ Amplifiers 

■ Logic circuits 

■ SCR triggering 

■ Pulse Circuits 



Fig. 1 - Schematic diagram of CA3097E. 


TYPICAL CHARACTERISTICS 



92CS- 21902 

Fig 2 - Base-to-emitter saturation voltage vs. collector current for 


n-p-n transistors Q3 & Q5. 



AMBIENT TEMPERATURE (T*)— # C 

92CS-2I90S 

Fig 3 — Base-to-emitter voltage vs. ambient temperature for n-p-n 
transistors Q3 & Q5. 
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CA3097E 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 
Ambient Temperature 
(Ta) = 25°C 

Unless Otherwise Specified 

FIG. 

NO. 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

n-p-n TRANSISTORS Q3,Q5 (TERMINALS 6 and 9 CONNECTED) | 

COLLECTOR CUTOFF CURRENT 

'CBO 

v CB =iov,i E = o 


- 

- 

1 

AiA 

COLLECTOR CUTOFF CURRENT 

•CEO 

V CE = 10V,' B = 0 


- 

- 

10 

ma 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V( B r)CEO 

l c = 100 mA, i b = o 


30 

- 

- 

V 

COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V(br)CBO 

l c = IOOaiA, Ie = 0 


50 

- 

- 

V 

COLLECTOR-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V(BR)CIO 

l C | = 100 mA, 1 b = o, 1 E = 0 


50 

- 

- 

V 

EMITTER-TO-BASE 
BREAKDOWN VOLTAGE 

V(BR)EBO 

l E = 100/uA, l c = 0 


5 

7.5 

10 

V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE 

V ce (SAT) 

Iq = 50mA, lg = 5mA 

5 

- 

- 

0.65 

V 

Iq = 10mA, lg = 1 mA 

- 

0.10 

- 

BASE-TO-EMITTER 
SATURATION VOLTAGE 

V be (SAT) 

Iq = 10mA, lg = 1mA 

2 

- 

0.76 

- 

V 

BASE-TO-EMITTER 

VOLTAGE 

Vbe 

V ce = 3V, l c = 10mA 

3 

0.65 

0.73 

0.85 

V 

DC FORWARD-CURRENT 
TRANSFER RATIO 

hpE 

V C e = 3V, l c = 10mA 

4 

100 

130 

- 


Vqe = 3V, l C = 50mA 


80 

120 


| p-n-p TRANSISTOR 04 (TERMINALS 7 and 8 CONNECTED) | 

COLLECTOR CUTOFF CURRENT 

'CBO 

V CB =-10V, l E = 0 


- 

- 

-1 

mA 

COLLECTOR CUTOFF CURRENT 

'CEO 

V CE MOV, l B = o 


- 

- 

-10 

AiA 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE 

V(BR)CEO 

l c =-100pA, l B = 0 


-40 

- 

- 

V 

COLLECTOR-TO-BASE 
BREAKDOWN VOLTAGE 

V(BR) cb0 

l c =-10pA, l E = 0 


-50 

- 

- 

V 

EMITTER-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V(BR)EIO 

l E | = 10/iA, l B = 0, l E = 0 


-50 

- 

" 

V 

EMITTER-TO-BASE 
BREAKDOWN VOLTAGE 

V(BR)EBO 

l E = -10/iA, l C = 0 


-40 

- 

- 

V 

COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE 

V ce (SAT) 

l c =-1mA, l B = -IOOaiA 

6 

- 

- 

-0.33 

V 

BASE-TO-EMITTER 
SATURATION VOLTAGE 

v be (SAT) 

l c =-1mA, l B = -IOOaiA- 

7 

- 

-0.7 

- 

V 

BASE-TO-EMITTER 

VOLTAGE 

V BE 

V ce =- 3V, l c = -IOOaiA 

8 

-0.5 

-0.6 

-0.7 

V 

DC FORWARD-CURRENT 
TRANSFER RATIO 

hFE 

v CE = - 3V ' I C =_100 ^ A 
V CE = —3 V, l C = -1 mA 

9 

30 

40 

60 

_ 


| n-p-n/p-n-p TRANSISTOR PAI R 03. 04 | 

DC FORWARD-CURRENT 
TRANSFER RATIO 

h FE 

Vc E (n-p-n) = 3V, 1 q = 10mA 

10 


8000 

- 


V CE (n-p-n) = 3V, l c - 50mA 

10 

t± 

6500 

- 
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COLLECTOR CURRENT <Ic>“mA 

92CS-2I907 

Fig. 7 - Base-to-emitter saturation voltage vs. collector 
current for p-n-p transistor Q4. 



AMBIENT TEMPERATURE <T A )—*C 

92CS- 21908 

Fig. 8 — Base-to-emitter voltage vs. ambient temperature for 
p-n-p transistor Q4. 


TYPICAL CHARACTERISTICS (CONT'D) 



92CS* 21904 

Fig. 4 - DC forward-current transfer ratio vs. collector current 
for n-p-n transistors Q3 & QS. 



COLLECTOR CURRENT (I c )_mA 


92CS-2I905 


Fig.S — Collector-to-emitter saturation voltage vs. collector 
for n-pn- transistors Q3 & Q5. 



92CS-2I906 

Fig. 6 — Collector-to-emitter saturation voltage vs. collector 
current for p-n-p transistor 04. 



92CS-2I909 

Fig. 9 - DC forward-current transfer ratio vs. collector current 
for p-n-p transistor 04. 








CA3097E 


ELECTRICAL CHARACTERISTICS (Cont'd.) 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 
Ambient Temperature 
(T a ) = 25°C 

Unless Otherwise Specified 

FIG. 

NO. 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

PROGRAMMABLE UNIJUNCTION TRANSISTOR (PUT), Ql ! 

OFFSET VOLTAGE 

v T ‘ 

V s = 10V, R G = lOkft 

1 1,22 a 

0.2 


0.7 

V 

V s = 10V, R G = IMft 

0.2 

- 

0.7 

ANODE-TO-CATHODE 
ON-STATE VOLTAGE 

v F 

Ip = 50mA 

12 

- 

0.90 

1.5 

V 

Ip = 100mA 

- 

1 

- 

PEAK OUTPUT VOLTAGE 

V OM 

C = 0.22pF 

Anode Supply Voltage = 20V 

13,23 

- 

10 

- 

V 

PEAK-POINT CURRENT 

•p 

V s = 10V, R g = 10kH 

14,22 a 

- 

0.55 

1 

pA 

V s = 10V, R g = 1MS2 

- 

- 

0.015 

0.15 

VALLEY-POINT CURRENT 

'V 

V s = 10V, R g = 10k£2 

17,15 

4 

40 

- 

pA 

V s = 10V, R g = 1MJ2 

16 

- 

- 

25 

GATE REVERSE CURRENT 

'GAO 

V s = 30V 

22 c 

- 

0.02 

- 

nA 

GATE REVERSE CURRENT 

'gks 

Anode-To-Cathode Short, Vc, 
= 30V b 

22 d 

- 

0.2 

" 

nA 

OUTPUT PULSE RISETIME 


Anode-Supply Voltage = 20V 
C = 0.22 pF 

23 

- 

60 

- 

ns 

SILICON CONTROLLED RECTIFIER (SCR), Q2 | 

PEAK OFF-STATE CURRENT: 
FORWARD 

'dxm 

V DRXM “ 30V - R GK = 1kn 

24 



2 

pA 

REVERSE 

'rxm 

v R rxm = 3 ov, R GK = 1kft 

24 

- 

- 

2 

FORWARD DC VOLTAGE DROP 

V T 

1 j = 50 m A 

18 

- 

0.90 

1.5 

V 

GATE-TO-SOURCE 
TRIGGER CURRENT 

'gs 

T a = 25°C 

26 

- 

33 

100 

pA 

T A = -55°C 

26 

- 

50 

- 

DC GATE-TRIGGER VOLTAGE 

V GT 

V L = 10V, R l = lOOfi 

19 

- 

0.55 

0.75 

V 

HOLDING CURRENT 

'ho 

R GK = Ikn 

20,24 

- 

1.2 

- 

mA 

CRITICAL RATE-OF-RISE 
OF OFF-STATE VOLTAGE 

dv/dt 

EXPONENTIAL RISE, 

R GK = 1k a V D rxm = 30V 

25 

- 

150 

- 

V/ps 

GATE-CONTROLLED 
TURN-ON TIME 

l gt 

See Fig. 33 

33 

- 

50 

- 

ns 

CIRCUIT-COMMUTATED 
TURN-OFF TIME 


See Fig. 33 

33 


10 

- 

ps 

ZENER DIODE, Z1 | 

ZENER VOLTAGE 

V Z 

< 

E 

o 

_N 

21 

7.2 

8 

8.8 

V 

ZENER IMPEDANCE 

Zz 

l z = 10mA, f = 1kHz 


- 

15 

25 

n 

ZENER VOLTAGE 
TEMPERATURE COEFFICIENT 

(AVz/Vz)/AT 

l z = 10mA 


- 

+0.05 

- 

%/°c 

AV Z /AT 


- 

+4 

- 

mV/°C 

ZENER-TO-SUBSTRATE 
BREAKDOWN VOLTAGE 

V(BR)ZIO 

l z = lOOjttA 

TERM. 5 TO SUBSTRATE 


50 

80 


V 


*V T = Vp — Vs (Fig. 22) 



Fig. 13 — Peak output voltage vs. anode supply voltage for 
Cl (PUT). 



equivalent gate-source voltage (v s )-v 


Fig. 14 — Peak-point current vs. gate-source voltage and ambient 
temperature for Ql (PUT). 


TYPICAL CHARACTERISTICS (CONT'D) 



Fig. 10 — DC forward-current transfer ratio vs. collector current 
for transistor pair Q3, Q4. 



AMBIENT TEMPERATURE (Ta )— “C 

92 CS- 21911 

Fig. 11 — Offset voltage vs. ambient temperature for Ql (PUT). 



Fig. 12 — Anode-to-cathode on-state voltage vs. anode-to-cathode 
on-state current for Ql (PUT). 



Fig. 15 - Valley-point current vs. gate-source voltage for 
Ql (PUT). 
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CA3097E 


TYPICAL CHARACTERISTICS (CONT'D) 



0 5 10 15 20 


equivalent gate-source voltage iv s )-v 

92CS-; 

Fig 16 - Valley-point current vs. gate-source voltage 
for Q1 I PUT ). 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A I— *C 


Fig 19 — Gate-trigger voltage vs. ambient temperature for 
Q2 (SCR). 



AMBIENT TEMPERATURE (T A )-»C 


92CS-2I9I7 

Fig. 17 — Valley-point current vs. ambient temperature for 
Q1 (PUT). 



Fig.20 - Typical DC holding current vs. gate-to-cathode 
resistance for Q2 (SCR). 



0 02 04 06 08 I 

FORWARD DC ON-STATE VOLTAGE (Vf) — V 


92CS-2I9I8 

Fig. 18 - Forward DC on-state current vs. on-state voltage for 
02 (SCR). 



Fig.21 - Zener voltage vs. zener current for Z1. 


1. Composite p-n-p/n-p-n Transistors 03, Q4 (See Fig. 3) 

To use Q3 as an individual n-p-n transistor, join terminals 
no. 6 and no. 9 to disable p-n-p transistor Q4. 

The appropriate terminal connections are then: 

Collector terminal 9 

Base terminal 7 

Emitter terminal 8 

To use Q4 as an individual p-n-p transistor, join terminals 
no. 7 and no. 8 to disable n-p-n transistor Q3. 

The appropriate terminal connections are then: 

Collector terminal 7 

Base terminal 6 

Emitter terminal 9 

To use Q3 and Q4 as a composite use terminals 6, 7, 8. and 
9 as required. 

2. Programmable Unijunction Transistor Q1 (PUT) 

The programmable unijunction transistor is essentially an 
anode-gate SCR. The volt-ampere characteristic of the de- 
vice is shown in Fig. 22. When an equivalent Thevenin source 
(VS. Rq). as shown in Fig. 22, is applied to the gate terminal 
the device will be "off" if the anode-voltage is negative with 
respect to the gate voltage. Under this condition, any current 
flow is exclusively leakage current. When the anode voltage be- 
comes more positive than the gate voltage by an increment 
equal to the threshold voltage (Vj = 0.4 V typ.), the device 
can turn "on" only if the current available at the anode termi- 
nal is greater than the specified peak-point current. The PUT 
will then switch through its negative-resistance region to the 
"on" state (low anode-to-gate voltage). It should be noted 


OPERATING CONSIDERATIONS FOR CA3097E 


that Ip is not the maximum current allowed through the 
device, but is the current required at the peak of the V-I 
curve. Ip is typically a very low value of current. 

After the PUT has switched to its low-impedance state, the 
device will remain "on" if the anode-current (I a) exceeds 
the valley-point current ( I v) • If lA<IV- th e PUT will switch 
back to its high-impedance "off" state. Thus, the PUT can be 
made to "latch" or recover, depending on l\/. Since lv >s a 
function of the "on"-state gate current (which depends on 
Rq and Vs) a choice of Rq and/or Vs will determine the 
operating mode, i.e., "off" state-*"on" state or "off" state 
-* "on" state -*■ "off" state. The value of lv increases di- 
rectly as a function of Vq and inversely with Rq. The PUT 

in the CA3097E has a low Ip Ip = 15 nA at Vg = 10 V, 

Rq = 1 MIT. This low vajue of Ip indicates that an extremely 
large value of anode-supply resistor, e.g. 60 M12 (typ.), can be 
used in timing circuits requiring long RC time constants. This 
becomes important when considering the size of the external 
timing capacitor to be used. Consequently, the use of the PUT 
in the CA3097E is advantageous since it has a lower Ip than 
most discrete PUT's. 

Temperature Compensation of Switching Point 
As described previously, the PUT will switch to its low- 
impedance state when its anode voltage is approximately a 
diode-drop above the gate voltage. Since the anode-to-gate 
threshold voltage vs. temperature characteristic is similar to 
that of a typical silicon-diode junction, a compensating series 
diode such as used in the circuit of Fig. 29 (Z1 connected as 
forward-biased diode) considerably reduces the effect of tem- 
perature on the switching point. 


Bypassing Anode Current * 

If the PUT gate equivalent source is such that Ia>IV< the 
PUT will remain "on". A method for turning the PUT off is 
by shunting current away from the anode until Ia^V- An 
example of this technique is the oscillator circuit of Fig. 29. 
Q3 transistor is turned "on" after the PUT fires and shunts cur- 
rent away from the anode, thereby forcing Ia<Iv- The PUT 
then turns "off" allowing Cj to recharge through Rj, to re- 
peat the cycle. 

Protecting The PUT Against Discharge Current Of The Capacitor 

A current-limiting resistor in series with the PUT is normally 
required to dissipate capacitive discharge energy (see Figs. 23 
and 29). 

Silicon Controlled Rectifier, Q2 (SCR) 

The SCR should be used with a 1 kf2 (or less) resistor con- 
nected between the cathode and gate terminals if the SCR is 
to be subjected to its maximum forward and reverse voltage 
ratings (VqxM and Vrxm>- Selecting a value for RqK of 
1 k!2 (or lower) increases the capability of the device to with- 
stand greater dv/dt and increases the noise immunity of the 
SCR against false triggering at the gate. Practical considerations 
such as available current drive from the triggering devices 
(e.g., a PUT) will determine the lowest value of Rqk at 
which the SCR will fire with a Vqk^O-SS V. With a value of 
50012 for RgK- the trigger source must be capable of sup- 
plying 1.1 mA. Rqk should be non-inductive within the 
frequency band of the noise transients normally encountered 
•n a particular application. 
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CA3097E 



Fig 22 - General anode characteristics for 01 (PUT). 


Fig 23 - Output pulse characteristics for Qf (PUT). 



Fig. 24 - Principle voltage-current characteristics 
for 02 (SCR). 




WITH SWI CLOSED, INCREASE V s UNTIL SCR FIRES ( VTVM DROPS 
FROM IOV TO APPROXIMATELY IV ). I GS (TRIGGER ) IS MEASURED 
JUST PRIOR TO THIS TRIGGERING POINT. NOTE THAT Iqs MAY 
DECREASE AS V s IS INCREASED DUE TO CURRENT DRAWN OUT 
OF THE GATE TERMINAL OF THE SCR AS IT TURNS ON. TO UNLATCH 
THE SCR OPEN SWI. 

* 

V $ SHOULD BE CAPABLE OF SUPPLYING MILLIVOLT INCREMENTS 
NEAR THE TRIGGER POINT 


Fig 26 — Test circuit for determining 
) GS inQ2(SCR). 



APPLICATIONS CIRCUITS 



SUBSTRATE 

TIMING PERIOD a 200 SEC. WITH I MO POT CENTERED 
TIMING CYCLE BEGINS WHEN AC IS APPLIED 
SPRAGUE TYPE 4308, 3 M F AT 50 V 
SPRAGUE TYPE 6308, 5 M F AT 30 V 



Fig 27 - AC line-operated one-shot timer. 


Fig 28— Temperature-compensated shunt regulator. 



TYPICAL OPERATION FOR: 

V + - 15 V, CT'O ipT, Rx *4.3KO 
C | * 82 p F , R | ■ 60 KO 


Fig 29 — Pulse generator. 
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TYPICAL LOAD REGULATION @ Vo* 12 v, I L = 0 TO 40 rnA 

-^2.»l00*t0 4%(N0 LOAD TO FULL LOAD) 
v 0 


TYPICAL LINE REGULATION @V 0 *I2V 


A 


»l00-+0 45 */./V 


Fig. 30 - Series voltage regulator. 




A optional speed-up capacitor 

* REOUIRED IF Vi SWINGS BELOW GROUND 
TYPICAL OPERATING CONDITIONS'- 
FREOUENCY IN • 0-10 KHi 
SUPPLY VOLTAGE (V f )*l5V 
RI.R2,R H *5 IKft 
R3 * 6-2 Kfl.Rs* 30011 
C| * 820 pF 

V TH U.7.5V. V TH L*5V 

HYSTERESIS VOLTAGE *2-5 V 

UPPER THRESHOLD VOLTAGE I V T H U > « 

/R2JF»H\ 

LOWER THRESHOLD VOLTAGE (Vtu L)c ( y » )\R2 + R H / 

R2R H 

R2+RH 

HYSTERESIS VOLTAGE* V th U-V tm L 



Fig. 33 - Monostable multivibrator with variable delay. 




9ZCM-2I93Z 

Fig. 32 - Schmitt trigger. 



It SET BY ADJUSTING Rt.It » — 7 

t 0N 'CAPACITOR DISCHARGE TIME THROUGH LOAO. LOAD TURNS 


OFF WHEN SCR ANODE CURRENT FALLS BELOW HOLOING 
CURRENT (Iho>. TYPICAL Iho*I-2b>A 
EXAMPLE I FOR TIMING PERIOD OF 8 3 MIN 
C T * IOOO M F, I t *I 6 m A 
V— 0-7 . 

*T* ~l t FOR V • 16 V, Rr« IMm 


Fig.34 — Low-current-drain battery-operated 
long interval astable timer. 


Fig. 35 - Phase control circuit. 
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CA3098 Types 


Programmable Schmitt Trigger 

— With Memory 

—Dual-Input Precision Level Detectors 
Applications: 

■ Control of relays, heaters, LED's lamps, 
photo-sensitive devices, thyristors, 
solenoids, etc. 

■ Signal reconditioning 

■ Phase and frequency modulators 

■ On/off motor switching 

■ Schmitt triggers, level detectors 

■ Time delays 

■ Overvoltage, overcurrent, overtemperature 
protection 

■ Battery-operated equipment 

■ Square and triangular-wave generators 


The RCA-CA3098 Programmable Schmitt 
Trigger is a monolithic silicon integrated 
circuit designed to control high-operating- 
current loads such as thyristors, lamps, 
relays, etc. The CA3098 can be operated 
with either a single power supply with 
maximum operating voltage of 16 volts, or a 
dual power supply with maximum operating 
voltage of ±8 volts. It can directly control 
currents up to 150 mA and operates with 
microwatt standby power dissipation when 


■HIGH" reference 

(HR) 


SIGNAL INPUT 


"LOW* REFERENCE 
(LR1 


9ZCM-269I7 


Features: 

■ Programmable operating 
current 

■ Micropower standby dissi- 
pation 

■ Direct control of currents up 
to 150 mA 

■ Low input on/off current of 
less than 1 nA for pro- 
grammable bias current 

of 1 pA 


■ Built-in hysteresis: 20 mV 
max. 

■ Programmable hysteresis: 

20 mV to V+ 

■ Dual reference input 

■ High sensor range: 100 £2 
to 100 M£2 

■ Stable predictable switching 
levels 

■ Temperature-compensated 
reference voltage 

■ Power can be strobed off 
via term. 2 



the current to be controlled is less than 


30 mA. The CA3098 contains the following 


Fig. 1 — Block diagram of CA3098 programmable Schmitt trigger. 


major circuit-function features (see Fig. 1): 


1. Differential amplifiers and summer: the 
circuit uses two differential amplifiers, 
one to compare the input voltage with 
the "high" reference, and the other to 
compare the input with the "low" refer- 
ence. The resultant output of the differ- 
ential amplifiers actuates a summer cir- 
cuit which delivers a trigger that initi- 
ates a change in state of a flip-flop. 

2. Flip-flop: the flip-flop functions as a 
bistable "memory" element that changes 
state in response to each trigger command. 

3. Driver and otuput stages: these stages 
permit the circuit to "sink" maximum 
peak load currents up to 150 mA at 
terminal 3. 

4. Programmable operating current: the cir- 
cuit incorporates access at terminal 2 to 
permit programming the desired quiescent 
operating current and performance para- 
meters. 

TheCA3098 is supplied in the 8-lead dual-in- 
line plastic package | ("Mini-Dip", E suffix), 
8-lead TO-5 style package (T suffix), 8-lead 
TO-5-style package with formed leads "DIL- 
CAN" (S suffix), and in chip form (H suffix). 

For information on another RCA Dual-Input 
Precision Level Detector, see the data bulletin 
for the RCA-CA3099E, File No. 620. 


Maximum Ratings, Absolute-Maximum Values at T A = 25° C: 


Supply Voltage Between Terminals 6 and 4, 16 V 

Output Voltage Between Terminals 7 and 4, and 3 and 4 16 V 

Differential Input Voltage Between Terminals 8 and 1, and 

Terminals 7 and 8 10 V 

Operating Voltage Range: 

Term. 8 V“ to V + 

Term. 7 (V“ plus 2.0 V) to V + 

Term. 1 (V“) to (V + minus 2.0 V) 

Load Current (Term. 3) 150 mA 

Input Current to Voltage Regulator (Term. 5) 25 mA 

Programmable Bias Cur r ent (Term. 2) 1 mA 

Output Current Control (Term. 5) 15 mA 

Power Dissipation: 

Without Heat Sink: 

Up to T A = 55° C 

CA3098S, CA3098T 630 mW 

CA3098E 630 mW 

Above T A = 55° C Derate linearly at 6.67 mW/°C 

With Heat Sink: 

Up to T A = 55° C 

CA3098S, CA3098T 1.6 W 

Above T A = 55° C 

CA3098S, CA3098T Derate linearly at 16.67 mW/°C 

Ambient Temperature Range (All Packages): 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max 265 °C 
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CA3098 Types 


General Description of Circuit Operation 
(Refer to Figs. 2, 3, 4) 

When the signal-input voltage of the CA3098 
is equal to or less than the "low" reference 
voltage (LR), current flows from an external 
power supply through a load connected to 
terminal 3 ("sink" output). This condition is 
maintained until the signal-input voltage 
rises to or exceeds the "high" reference volt- 
age (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the 
output stage interrupts current flow in the 
external load. This condition, in turn, is 
maintained until such time as the signal 
again becomes equal to or less than the "low" 
reference voltage (VR). 

The CA3098 comparator is unique in that it 
contains circuit provisions to permit pro- 
grammability. This feature provides flexi- 
bility to the designer to optimize quiescent 
power consumption, input-circuit charac- 
teristics, hysteresis, and additionally permits 
independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, 
etc. Programmability is accomplished by 
means of the bias current (Ibias) supplied 
to terminal 2. 

An auxiliary means of controlling the magni- 
tude of load-current flow at terminal 3 is 
provided by "sinking" current into terminal 5. 
Figs. 3 and 4 highlight the operation of the 
CA3098 when connected as a simple hys- 
teresis switch (Schmitt trigger). 



Fig. 5 — Input-offset voltage ("low” reference) 


vs. programming bias current. 



AMBIENT TEMPERATURE (T A ) — *C 92CS-Z0979 

Fig. 8 — Input-offset voltage ("high reference ) 
vs. ambient temperature. 




Fig. 3 — Basic hysteresis switch (Schmitt trigger). 


_ . I, - Output Voltage (V) 

Sequence Input Signal Level . . 


1 4>E |N >0 0 

2 8>E, n >4 0 

3 E, N >8 12 

2 8>E, n >4 12 

1 4>E, n >0 0 


Fig. 4 — Resultant output states of the CA3098, 
shown in Fig. 3 as a function of various 
input signal levels. 


TYPICAL CHARACTERISTIC CURVES 



PROGRAMMING BIAS CURRENT <l8IAS ,- */* A 92<-S-20985 AMBIENT TEMPERATURE <T A I — *C 92CS-209T7 

Fig. 6 — Input-offset voltage ("high” reference) Fig. 7 - Input-offset voltage ("low reference) 


vs. programming bias current. vs. ambient temperature. 



PROGRAMMING BIAS CURRENT <lBIAS>— P a AMBIENT TEMPERATURE <T A ) — *C 

92CS-20984 92CS- 20975 


Fig. 9 — Min. hysteresis voltage vs. programming Fig. 10 - Min. hysteresis voltage vs. ambient 

bias current. temperature. 
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CA3098 Types 


ELECTRICAL CHARACTERISTICS at T A = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

Fig. 

No. 

LIMITS ■ 

UNITS 

Min. 

Typ. 

Max. 

Input Offset Voltage: 
"Low" Ref., V| 0 ( L R) 

V LR = Gnd, V HR = 3 V 
1 BIAS = 100 A A 

5 

-15 

-3 

6 

mV 

"High" Ref., V|Q (HR) 

V HR = Gnd, V LR = — 3 V 

■bias' 100 A A 

6 

-10 

±10 

10 

Temp. Coeff: 
"Low" Ref. 
"High" Ref. 

—55 °C to + 125 °C 
—55 °C to + 1 25 °C 

7 

8 

- 

4.5 

±8.2 

- 

av/°c 

Min. Hysteresis 
Voltage V| 0(HR . LR): 

V REG = 6V ' V + = 12 V 

■bias = 100 A A 

9 

- 

3 

20 

mV 

Temp. Coeff. 

— 55°C to + 125 °C 

10 

- 

6.7 

- 

MV/°C 

Output Saturation Voltage, 
V CE (SAT) 

V| = 4 V, Vreg = 6 V, 
V + = 12 V, l B | AS = 100/uA 

11,12 

- 

0.72 

1.2 

V 

Total Supply Current, 

■total : 

"ON" 

Vj = 4 V, V REG = 6 V; 

V + = 1 2 V, 1 B , AS = 1 00 m A 

13,14 

500 

710 

800 

fiA 

"OFF" 

Vj = 8 V, V REG = 6 V 
V + = 1 2 V, l B | AS = IOOjuA 

400 

560 

750 

/uA 

Input Bias Current, 1 j B : 
'B(p-n-p) 

V, = 4 V, V REG = 6 V 
V + =12V,I B(as =100mA 

15 

- 

42 

100 

nA 

*B(n-p-n) 

V, = 8V, V reg = 6V 
V + = 1 2 V, 1 B | AS = 1 00 ju A 

- 

28 

100 

nA 

Output Leakage Current, 
'CE(OFF) 

Current from Term. 3 when 
Q46 is "OFF" 

- 

- 

- 

10 

juA 

Switching Times: 

Delay, t d 

l c = 100 /iA 
■BIAS = IOOjuA 
V + = 5 V 
Vreg = 2.5 V 

18 

- 

600 

- 

ns 

Fall, tf 

- 

50 

- 

ns 

Rise, t r 

- 

500 

- 

ns 

Storage, t s 

- 

4.5 

- 

JUS 

Output Current, Iq 

V + =I2V,I B | AS = 50/uA 

- 

100 

- 

- 

mA 



Fig. 11 - Output saturation voltage vs. output 
sink current. 



AMBIENT TEMPERATURE (T A ) — *C 

92CS- 20980 


Fig. 12 — Output saturation voltage vs. ambient 
temperature. 



92CS -26922 

Fig. 13 - Total supply current vs. programming 
bias current. 



92CS-26923 



92CS-26924 


Fig. 14 — Total supply current vs. ambient 
temperature. 


Fig. 15 — Input bias current vs. programming bias 
current. 



Fig. 16 — Input-offset voltage 
test circuit. 
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CA3098 Types 


H^CA3098>-ri> 


HYSTERESIS VOLTAGE* V x "OFF"— V^ON" 
92CS-269I0 

Fig. 17 — Min. hysteresis voltage, total 
supply current, and input- 
bias-current test circuit. 



~**i T f j** - ks-H 1 


Fig. 18 — Switching time test circuit. 


TYPICAL APPLICATIONS 




IN9I4 < I2K0 

© 1 

Cz) — 

CA3098 

[k 

< 1-2 Kft 

| IL 

-/T) 

toT 

AT/ 

10 Kft 

^ | 60 Kft j 

92CS-26' 

912 ^ 


Fig. 19 - Time delay circuit: Terminal 3 
"sinks" after t seconds. 



Fig. 20 — Time delay circuit: "sink" current 
interrupted after T seconds. 


<8HC«098 V(3)— O SQUARE- 
Sx OUTPUT 


(4) S60Kft 
9,. ^ 92CS-2692I 


Fig. 21 - Sine-wave to square-wave converter 
with duty-cycle adjustment 
(Vj and V 2 ). 


u ADJUST <*vl/ 
H *TZ\ .OKftl _ 


h LOWER <*YTVJ 
^ESHOLDS^-'' 

wi 

>5Kft SlOKft 


Notes (a) Motor pump is "ON" when water level rises above 
thermistor TH2. 

{b) Motor pump remains "ON" until water level falls 
below thermistor TH^ . 

(c) Thermistors, operate in self-heating mode. 



Fig. 23 — OFF/ON control of triac with 
programmable hysteresis. 


Fig. 22(a) - Water-level control. 



INPUT PULSE MUST 
BE GREATER THAN 
I ms BUT LESS 
THAN DESIRED l 0N 


Fig. 22(b) — Water level diagram for 
circuit of Fig. 22(a). 


: ,Kn 1 © 

© >60Kft 


DESIRED 

l0N (m *> 

VALUE OF 
Cl F) 

15 

0 01 

1 150 

0 1 

300 

0.2 


Fig. 24 — One-shot multivibrator. 
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CA3099E 


Programmable Comparator - . 

RCA-CA3099E Programmable Comparator is a monolithic 
silicon integrated circuit designed to control high-operating- 
current loads such as thyristors, lamps, relays, etc. The 
CA3099E can be operated with either a single power supply 
with maximum operating voltage of 16 volts, or a dual 
power supply with a maximum operating voltage of ± 8 volts. 

It can directly control currents up to 1 50 mA. It operates with 
microwatt standby power dissipation when the current to be 
controlled is less than 30 mA. The CA3099E contains the 
following six (6) major circuit-function features (Figure 1): 

1. Differential amplifiers and summer; the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the "high" reference, and the other to compare the 
input with the "low" reference. The resultant output of 
the differential amplifiers actuates a summer circuit 
which delivers a trigger that initiates a change in state of 
a flip-flop. 

2. Flip-flop; the flip-flop functions as a bistable "memory" 
element that changes state in response to each trigger 
command. 

3. Driver and output stages; these stages permit'the circuit to 
"sink" maximum peak load currents up to 150 mA at 
terminal 3. 



Fig. 1— Block diagram of CA3099E programmable comparator. 
(See page 3 for general description of circuit operation.) 


4. Programmable operating current; the circuit incorporates 
a separate terminal to permit programming the desired 
quiescent operating current and performance parameters. 


5. Internal sources of reference' voltage and programmable 
bias current; an integral circuit supplies a temperature- 
compensated reference voltage (Vb/2) which is about 1/2 
of the externally applied bias voltage (Vb). Additionally, 
integral circuitry can optionally be used to supply an 
uncompensated constant-current source of bias Obias)- 

6. Voltage regulator; provides optional on-chip voltage regu- 
lation when power for the CA3099E is provided by an 
unregulated supply. 


Features: 

■ Programmable operating current 

■ Micro-power standby dissipation 

■ Directly controls current up to 150 mA 

■ Low input on/off current of less than 1 nA 

for programmable bias current of 1 pA 

■ Built-in hysteresis: 10 mV max. 

■ Programmable hysteresis: 10 mV to V + 

■ Dual reference input 

■ High sensor range: 100 ft to 100 Mfi 
a Stable predictable switching levels 

■ Temperature-compensated reference 

voltage 


Applications: 

■ Control of relays, heaters, LED's, lamps, 

photo-sensitive devices, thyristors, 
solenoids, etc. 

■ Signal reconditioning 

■ Phase and frequency modulators 

■ On/off motor switching 

■ Schmitt triggers, level detectors 

■ Time delays 

■ Overvoltage, overcurrent, 

overtemperature protection 

■ Battery-operated equipment 

■ Square and triangular-wave generators 


Maximum Ratings, Absolute-Maximum Values at T& « 2S°C: 


Supply Voltage Between Terminals 10 and 4, 

9 and 4, 8 and 4 1g y 

Output Voltage Between Terminals 7 and 4, 

and 3 and 4 10 y 

Differential Input Voltage Between 
Terminals 14 and 1, and Terminals 13 and 14 . . 10 V 

Operating Voltage Range: 

Term - 14 0 V to V + 

Term. 13 2.0 V to V + 

Term - 1 0 V to V + minus 2.0 V 

Load Current (Term. 3). 150 mA 

Input Current to Voltage Regulator (Term. 5) . . 25 mA 

Programming Bias Current (Term. 2) 1 m A 

Output Current Control (Term. 7) 15 m A 

Power Dissipation: 

Up to T a = 55°C 750 m w 

Above T A = 55°C . . . . Derate Linearly at 6.67 mW/°C 

Ambient Temperature Range: 

Operating -55 to +125 °C 

Storage -65 to +150°C 

Lead Termperature (Ouring Soldering): 

At distance not less than 1/32 inch (0.79 mm) 

from seating plane lor 10 s maximum .... +265 °C 


ELECTRICAL CHARACTERISTICS AT Ta = 25°C (Unless otherwise indicated) 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 
Ta “ 25 °C Unless Otherwise Indicated 

FIG. No. 

LIMITS 

UNIT 

MIN. 

TYP. 

MAX. 

Reference Voltage 

vref 

Term. 9 » 12 V, Term.4 = Grd, Term.1 1 = Test 

- . 

5.7 

6 

6.3 

V 

Reference Voltage 
Temperature Coefficient 


- 

- 

100 

- 

MV/°C 

Regulated Supply Voltage 

VrEG 

Term.5 1 K to 12V, Term.4 = Grd, Term.6 lOKtoGrd 

5 

6 

7.2 

8 

V 

Regulated Supply Voltage 
Temperature Coefficient 



5 

- 

2.9 

- 

mV/°C 

Input Offset Voltage: 
“Low" Reference 

Vio(LR) 

V L r = Grd, VhR = 3 V, IbiaS = 100 pA 

20. 6 

—8 

-3 

2 

mV 

“High" Reference 

v IO (HR) 

VrR = G'd. VLR = ~ 3 v - •BIAS = 100 M A 

20, 7 

-5 

+1 

5 

"Low" Reference Temp. 
Coefficient 


-55°C to +125°C 

20.8 

- 

4.5 

20 

//V/°C 

“High" Reference Temp. 
Coefficient 


-55°C to +125°C 

20.9 

- 

*8.2 

±20 

Min. Hysteresis Voltage 

v IO(HR-LR) 

V REG = 6 V, V + * 12 V, l B |AS = 100 JUA 

21. 10 

_ 

3 

10 

mV 

Min. Hysteresis Voltage 
Temperature Coefficient 


-55°C to +125°C 

11 

- 

6.7 

20 

/iV/o C 

Output Saturation Voltage 

VceISAT) 

V, - 4 V, V REG » 6 V, V + = 12 V, l BIAS = 100 JUA 

21,12,13 

- 

0.72 

1.2 

V 

Total Supply Current: 
'TOTAL "ON" 

•total 

V| - 4 V, V REG - 6 V, V+ = 12 V, l BIAS = 100 /LIA 

21,14,15 

600 

710 

800 

MA 

•TOTAL "OFF" 

V| - 8 V. V REG - 6 V, V + = 12 V, l B | AS - 100 /JA 

21,14,15 

420 

560 

750 

Input Bias Current: 
•B(p-n-p) 

•lB 

V, =4V, Vreg “ 6 V, V + = 12V, l B , AS = 100 JUA 

21,16,17 


33 

200 

nA 

•S(n-p-n) 

V, - 8 V, Vreg - 6 v. V+ = 12 V, l BIAS “ 100 PA 

21,16,17 

- 

20 

60 

Output Leakage Current 

•CE(OFF) 

Current from Term. 3 when Q46 is "OFF" 

- 

- 

- 

10 

MA 

Internal Bias Current 

•iBC 


18,19 

120 

200 

280 

Switching Times: 
Delay 

>d 

I C = 100 /iA 
•BIAS “ 100 ^ 
V+ - 5 V 

Vreg - 2.5 V 

22 


600 

_■ 

. 

Fall 

»f 

22 

- 

50 

- 

Rise 

t r 

22 

- 

500 

- 

Storage 

•s ' 

22 

- 

4.5 

- 

MS 
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CA3099E 



General Description of Circuit Operation (Refer to Fig.1) 

When the signal-input voltage of the CA3099E is equal to or 
less than the "low" reference voltage (LR), current flows from 
an external power supply through a load connected to 
terminal 3 ("sink" output). This condition is maintained 
until the signal-input voltage rises to or exceeds the "high" 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, 
in turn, is maintained until such time as the signal again be- 
comes equal to or less than the "low" reference voltage (VR). 

The CA3099E comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the. designer to optimize quiescent power con- 
sumption, input-circuit characteristics, hysteresis, and addi- 
tionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Pro- 
grammability is accomplished by means of the bias current 
(■bias) supplied to terminal 2. As an alternative to externally 
supplied bias current, the CA3099E contains an internal 
source of regulated bias current accessible at terminal 12. 
This internal source of bias current is developed by two 
alternative methods; in the first method, bias voltage (Vb) 
applied at terminal 9 develops a source of temperature- 
compensated reference voltage (% Vb/2) at terminal 11 and 
additionally supplies a source of bias current at terminal 12 
via line "A". Alternately, when a positive supply voltage is 
applied at terminal 8, a source of constant-current biasing is 
provided at terminal 12 via line "B". 

An auxiliary means of controlling the magnitude of load-cur- 
rent flow at terminal 3 is provided by "sinking" current into 
terminal 7. The CA3099E contains an on-chip voltage regu- 
lator which may optionally be used to regulate the voltages and 
bias currents (exclusive of the load current at terminal 3) 
needed for the operation of the 1C. 

Fig. 2 is the schematic diagram of the CA3099E. Figs. 3 
and 4 are, respectively, functional and logic diagrams of 
CA3099E operation. 


TYPICAL CHARACTERISTIC CURVES 



Fig. S - Regulated supply voltage vs. ambient temperature. 


92CS- 20986 

Fig. 6 - Input-offset voltage now" reference) vs. programming 
bias current. 



•2ts-2o»8S Fjfh 8 _ i nput ^f ftet vo i t age now" reference) vs. ambient 

Fig. 7 - Input-offset voltage ("high" reference) vs. programming temperature, 

bias current 
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•l!l! 


AMBIENT TEMPERATURE (T») — »C 

H 92CS-20S 

Fig. 9 - Input-offset voltage ("high'" reference! vs. ambient 
temperature. 



PROGRAMMING BIAS CURRENT (IeiAS*— P A 


Fig. 10 — Min. hysteresis voltage vs. programming bias current. 


AMBIENT TEMPERATURE (T A ) »C 


Fig. II — Min. hysteresis voltage vs. ambient temperature. 



SUPPLY VOLTAGE (V*)*IOV 
PROGRAMMING BIAS CURRENT IIbIAS 1 * 100 *** 


AMBIENT TEMPERATURE <T A ) — *C 


10,0008 ambient TEMPERATURE (T A ).25*C 
4 SUPPLY VOLTAGE IV*)»I2V 

REGULATED SUPPLY VOLTAGE (V R £G> *6V 



OUTPUT SINK CURRENT <I L 0Ad' - 


PROGRAMMING BIAS CURRENT ( IbiAS ,— ** A 


Fig. 12 - Output saturation voltage vs. output sink current. 


Fig. 13 - Output saturation voltage vs. ambient temperature. 


Fig. 14 — Total supply current vs. programming bias current. 




PROGRAMMING BIAS CURRENT flfllAs' - P A 


AMBIENT TEMPERATURE (T A ) — *C 


Fig. 15- Input bias current vs. programming bias current. 


Fig. 16 - Internal bias current vs. supply voltage. 


Fig. 17 - Internal bias current vs. ambient temperature. 




Fig. 18 - Input-offset voltage test circuit. p 

For application information, see Data Bulletin File No. 620. 


HYSTERESIS VOLTAGE *V X "OFF’— Vj W 


Fig 19 — Min. hysteresis voltage, total supply current . 
and input bias current test circuit. 



Fig 20 - Switching time test circuit. 






CA3100 Types 


Wideband Operational Amplifier 


TERMINAL ASSIGNMENTS 


The RCA-CA3100 is a large-signal wide- 
band, high-speed operational amplifier which 
has a unity gain crossover frequency (fy) 
of approximately 38 MHz and an open- 
loop, 3 dB corner frequency of approximately 
110 kHz. It can operate at a total supply 
voltage of from 14 to 36 volts (±7 to ±18 
volts when using split supplies) and can 
provide at least 18 V p-p and 30 mA p-p at 
the output when operating from ±15 volt 
supplies. The CA3100 can be compensated 
with a single external capacitor and has dc 
offset adjust terminals for those applications 
requiring offset null. (See Fig. 15). 

The CA3100 circuit contains both bipolar 
and P-MOS transistors on a single mono- 
lithic chip. This circuit is supplied in the 
standard 8-lead TO-5 package (T suffix), 
the 8-lead TO-5 dual-in-line formed-lead 
"DIL-CAN" package (S suffix), the 8-lead 
Mini-DIP (E Suffix), or in chip form (H 
suffix). 


Features: 

■ High open-loop gain at video frequencies — 42 dB typ. at 1 MHz 

■ High unity-gain crossover frequency (fy) — 38 MHz typ. 

■ Wide power bandwidth — Vq = 18 V p-p typ. at 1 .2 MHz 

■ High slew rate - 70 V/ps (typ.) in 20 dB amplifier 

25 V/ps (typ.) in unity-gain amplifier 

■ Fast settling time - 0.6 p s typ. 

■ High output current - ±15 mA min. 

■ LM118, 748/LM101 pin compatibility 

■ Single capacitor compensation 

■ Offset null terminals 

Applications: 

■ Video amplifiers 

■ Fast peak detectors 

■ Meter-driver amplifiers 

■ High-frequency feedback amplifiers 

■ Video pre-drivers 

■ Oscillators 

■ Multivibrators 

■ Voltage-controlled oscillator 

■ Fast comparators 


PHASE COMPENSATION 

NC 
V+ 

OUTPUT 

OFFSET 
NULL 

MC3-247T7 

E Suffix 



92CS- 23840 


S & T Suffixes 



MAXIMUM RATINGS .Absolute-Maximum Values: 


Supply Voltage (between V+ and V~ terminals) 36 

Differential Input Voltage ±12 

Input Voltage to Ground* ±15 

Offset Terminal to M~ Terminal Voltage ±0.5 

Output Current 50 

Device Dissipation: 

Up to T a = 55° C 630 

Above T A = 55°C 6.67 

Ambient Temperature Range: 

Operating: 

E Type —40 to +85 

S and T Types —55 to +125 

Storage —65 to +150 

Lead Temperature (During Soldering) : 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. . . . +265 


V 

V 

V 

V 


mW 

mW/°C 


°C 

°c 


* If the supply voltage is less than ±15 volts, the maximum input voltage to ground is equal to the supply 
voltage. 

• CA3100S, CA3100T does not contain circuitry to protect against short circuits in the output. 


v : 



92CM-21655R1 

Fig. 1 — Schematic diagram for C A3 100. 


TYPICAL CHARACTERISTIC CURVES 



Fig. 2 - Open-loop gain, open-loop phase shift vs. 
frequency. 



Fig. 3 — Open-loop gain vs. frequency and 


temperature. 
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CA3100 Types 


ELECTRICAL CHARACTERISTICS, At T A -25°C: 


CHARACTERISTICS 

TEST CONDITIONS 

SUPPLY VOLTAGE (V + ,V“)»15 V 

UNLESS OTHERWISE SPECIFIED 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

| STATIC 1 

Input Offset Voltage, V|q 

Vq = 0±0.1 V 

- 

±1 

±5 

mV 

Input Bias Current, 1 1 b 

> 

+l 

o 

n 

O 

> 

- 

0.7 

2 

MA 

Input Offset Current, l|0 

- 

± 0.C5 

±0.4 

M A 

Low-Frequency Open-Loop 
Voltage Gain,AoL* 

V 0 = ± 1 V Peak, F = 1 kHz 

56 

61 

- 

dB 

Common-Mode Input, 
Voltage Range, V|cr 

CMRR >76 dB 

±12 

+ 14 
-13 

- 

V 

Common-Mode 
Rejection Ratio, CMRR 

V| Common Mode = ± 12 V 

76 

90 

_ 

dB 

Maximum Output Voltage: 

Positive, Vqm + 

Differential Input Voltage = 0 ±0.1 V 
R L = 2 KS2 

+9 

+ 11 

_ 

V 

Negative, Vqi\/] _ 

-9 

-11 

- 

Maximum Output Current: 
Positive, loM + 

Differential Input Voltage = 0 ±0.1 V 
R l - 250 il 

+ 15 

+30 

_ 

mA 

Negative, >OM~ 

-15 

-30 

- 

Supply Current, l + 

V 0 - 0 ±0.1 V, R L > 10 Kil 

- 

8.5 

10.5 

mA 

Power-Supply 
Rejection Ratio, PSRR 

AV + = + 1 v, Av- - ± I V 

60 

70 

- 

dB 

DYNAMIC 

Unity-Gain 

Crossover Frequency, fj 

Cc r 0, V 0 = 0 3 V (P-P) 

- 

38 

- 

MHz 

1-MHz Open-Loop 
Voltage Gain, Aql 

f = 1 MHz, Cc = 0, V 0 = 10 V (P-P) 

36 

42 

- 

dB 

Slew Rate, SR: 
20-dB Amplifier 

Ay = 10, Cq = 0, V| - 1 V (Pulse) 

50 

70 


V// is 

Follower Mode 

Ay =1. Cc = 10 pF, V| = 10 V (Pulse) 


25 

_ 

Power Bandwidth, PBW A : 
20-dB Amplifier 

Ay — 10, C C = 0, Vq = 18 V (P-P) 

0.8 

1.2 


MHz 

Follower Mode 

Ay = 1, Cc * 10 pF, Vq * 18 V (P-P) 

- 

0.4 

- 

Open-Loop Differential 
Input Impedance, Z\ 

F = 1 MHz 

- 

30 

- 

Kf2 

Open-Loop 

Output Impedance, Zq 

F = 1 MHz 

- 

110 

- 

a 

Wideband Noise Voltage Re- 
ferred to Input, e|\j (Total) 

BW = 1 MHz, Rs = 1 K£2 

- 

8 

- 

M v rms 

Settling Time, t $ 

|*To Within ±50 mV of 9 V 
[Output Swing 

R l = 2 KS2, C L = 20 pF 

- 

0.6 

- 

M* 


A oiew naie _ 

* Power Bandwidth = Low-frequency dynamic characteristic 

7T Vq (P-P) 


TYPICAL CHARACTERISTIC CURVES (Cont'd) 



Fig. 4 - Open-loop gain vs. frequency and supply 
voltage. 



CLOSEO-LOOP GAIN (A CL 1— dB 92CS-2I575 

Fig. 5 — Required compensation capacitance vs. 
closed-loop gain. 


SLEW RATE (SR) — v/ M s 
O O o O 

AMBIENT TEMPERATURE (T a )* 25*C 
LOAD RESISTANCE (R L )«2Kfl 
LOAD CAPACITANCE (C L )*20pF 



M 


777T 






























| 

Ip 1 











V 



j 






liiil 




JV 

1 

1 



jttj 



1 

j|ji| 



S 




L_ 









y 

~ *1 

K, 


i: 



;;;; 




Ml 




v- 



/0 LT< 


:1 : 


Til 






fix 

i 

LJOv : 


i’n 

^?rrrrr 







M 

i 

m 

1 

a 

I 

12 

i 






0 5 10 15 20 25 

COMPENSATION CAPACITANCE ( C c ) PINS I TO 8 — pF 92CS-2I574 


Fig. 6 — Slew rate vs. compensation capacitance. 



Fig. 7 - Typical open-loop output impedance vs. 
frequency. 
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Fig. 8 — Wideband input noise voltage vs. source 
resistance. 


Fig. 9 - Typical open-loop differential input 
impedance vs. frequency. 






CA3100 Types 



Fig. 10 — Maximum output voltage swing vs. 
frequency. 


Fig. 1 1 - Common-mode input voltage range vs. 
supply voltage. 


Fig. 12 - Maximum output voltage vs. supply 
voltage. 



Fig. 13 — Supply current vs. supply voltage. fig- 14 — Input bias current vs. supply voltage. 


► 

TEST CIRCUITS 


> 

> 

I 



«CS-2lM7 



Fig. 15 — Open-loop voltage gain test circuit. Fig. 16 — Slew rate in 10X amplifier test circuit. 



Fig. 17 — Follower slew rate test circuit. 





Fig. 18 - Wideband input noise voltage test 
circuit. 


Fig. 19 - Output voltage swing (Vq M ), output 
current swing Oqm) test circuit. 


Fig. 20 — Settling time test circuit 
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CA3100 Types 


TYPICAL APPLICATIONS 



Fig. 21 - 20 dB video amplifier. 




Fig. 23 - Fast positive peak detector. 


ZERO 



Fig. 24-1 MHz meter-driver amplifier. 


Chip Dimensions and Pad Layout 



The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57 instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0. 1 7 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


CA3100H Chip 
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CA3118, CA3146, CA3183 Types 
High-Voltage Transistor Arrays 


RCA-CA31 18AT, CA3118T, CA3146AE, CA3146E, CA- 
3183AE, and CA3183E are general-purpose high-voltage 
silicon n-p-n transistor arrays on a common monolithic 
substrate. 

Types CA3118ATand CA3118T consist of four transistors 
with two of the transistors connected in a Darlington con- 
figuration. These types are well suited for a wide variety of 
applications in low-power systems in the DC through VHF 
range. Both types are supplied in a hermetically sealed 12- 
lead TO-5 type package and operate over the full military 
temperature range. (CA3118AT and CA3118T are high- 
voltage versions of the popular predecessor type CA3018. 

Types CA3146AE and CA3146E consist of five transistors 
with two of the transistors connected to form a dr ferentially- 
connected pair. These types are recommended for low-power 
applications in the DC through VHF range. 


Types CA3183AE and CA3183E consist of five high-current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low-current (i.e. 1mA) for applications where offset para- 
meters are of special importance. A special substrate terminal 
is also included for greater flexibility in circuit design. 

The types with an "A" suffix are premium versions of their 
non -"A" counterparts and feature tighter control of break- 
down voltages making them more suitable for higher voltage 

applications. 

For detailed application information, see companion Appli- 
cation Note, ICAN-5296 "Application of the RCA CA3018 
Integrated Circuit Transistor Array." 



PT* 

•c 

V C EO 

v CBO 

V C E sat. 

h FE 

V|0 

.,0 

T^ Range 

TYPE 





at 10 mA 

at 1 mA, 

Diff. Pair at 1 mA 

(Operating) 


max. 

max. 

max. 

max. 

typ. 

&V C E=5V 

max. 

max. 



mW 

mA 

VI 

V 

V 

typ. 

mV 

MA 

°C 

VALUES APPLY FOR EACH TRANSISTOR | 

CA3118AT 

300 

50 

40 

50 

0.33 

95 

±5 

2 


CA3118T 

300 

50 

30 

40 

0.33 

95 

±5 

2 


CA3146AE 

300 

50 

40 

50 

0.33 

95 

±5 

2 

-55- +125 

CA3146E 

300 

50 

30 

40 

0.33 

95 

+ 5 

2 


CA3183AE 

500 

75 

40 

50 

0.16 

75 

±5 

2.5 


CA3183E 

500 

75 

30 

40 

0.16 

75 

+ 5 

2.5 



• Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA31 18 Series circuits is 450 mW at 
temperatures up to +85°C, then derate linearly at 5 mW°C. The maximum total package dissipation rating for the CA3146 and CA3183 
Series circuits is 760 mW at temperatures up to +55°C, then derate linearly at 6.67 mW°C. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor — 

CA3118AT, CA3118T. CA3146AE, CA3146E 300 mW 

CA3183AE, CA3183E 500 mW 

Total package — 

Up to 85°C (CA31 18AT, CA31 18T) 450 mW 

Up to 55°C (CA3146AE, CA3146E. CA3183AE, CA3183E) 750 mW 

I Above 85°C (CA31 18AT, CA31 18T) derate linearly 5 mW/°C 

Above 550C (CA3146AE, CA3146E,CA3183AE, CA3183E) . ..... derate linearly 6.67 mW/°C 
Ambient Temperature Range: 

Operating- -55 to +125 °C 

f Storage (all types) -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265 °C 

The following ratings apply for each transistor in the device: 

. Collector-to-Emitter Voltage (VcEO* : 

' CA3118AT, CA3146AE, CA3183AE 40 V 

CA3118T. CA3146E, CA3183E 30 V 

' Collector-to-Base Voltage (VcbO^ : 

CA3118AT, CA3146AE, CA3183AE 50 V 

CA3118T, CA3146E, CA3183E 40 V 

Collector-to-Substrate Voltage (Vcio)i’ 

CA31 18AT, CA3146AE, CA3183AE 50 V 

CA3118T, CA3146E, CA3183E 40 V 

Emitter-to-Base Voltage (VgBO^ 3,1 ^Pes 5 V 

Collector Current — 

CA3118AT, CA3118T, CA3146AE. CA3146E 50 mA 

CA3183AE, CA3183E 75 mA 

Base Current (l B ) - CA3183AE, CA3183E 20 mA 


■ The collector of each transistor is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to 
maintain isolation between transistors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either DC or sig- 
nal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


Features 

■ Matched general-purpose transistors 

■ Vgg matched + 5mV max. 

■ Operation from DC to 120 MHz (CA3118AT, T; 

CA3146AE, E) 

■ Low-noise figure: 3.2dB typ. at 1kHz (CA3118AT, T; 

CA3146AE, E) 

■ High l c : 75mA max. (CA3183AE, E) 

Applications 

■ General use in signal processing systems in DC through 

VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 

■ Lamp and relay drivers (CA3183AE, E) 

■ Thyristor firing (CA3183AE, E) 



6 , , 6 



9*CS-I«44R| 


CA3118AT, CA3118T 




CA3146AE, CA3146E 



SUBSTRATE O 92CS-I9638 


CA3183AE, CA3183E 
Fig. 1 - Schematic diagrams of high-voltage arrays. 


The CA3146AE and CA3146E are supplied in 
the 14-lead dual-in-line plastic package; the 
CA3183AE and CA3183E are supplied in the 
16-lead dual-in-line plastic package. 
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CA3118, CA3146, CA3183 Types 


COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THIS DATA BULLETIN 



DATA 

FILE 

NO. 

v CEO 

v CBO 

V CE sat. 
typ. V 

v B e 

typ. V 

•c 

max. mA 

C CB 
typ. pF 

C CI 

typ. pF 

C EB 
typ. pF 

l c =10mA 

IC= 1 mA 

CA3018 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3018A 

338 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3118AT 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3118T 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 





IC=10mA 

IC= 1 mA 





CA3046 

341 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 

0.6 

CA3146AE 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 

0.7 

CA3146E 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 





IC=50m A 

lc= 10 mA ; 





C A 3083 

481 

15 

20 

0.4 

0.74 1 

100 

- 

- 

- 

CA3183AE 


40 

50 

1.7 

0.75 

75 

- 

- 

- 

CA3183E 


30 

40 

1.7 

°Z 5 _ 1 

75 

- 

~ 

~ 


STATIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 1 

LIMITS 

UNITS 

T a = 25°C 

CA3118AT, CA3146AE 

CA3118T, CA3146E 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

For Each Transistor ! * J 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l C = lO^tA, l E = 0 

50 

72 

- 

40 

72 

- 

V 

Collector-to-E miner 
Breakdown Voltage 

v (BR)CEO 

lc = 1mA, l B = 0 

40 

56 

_ 

30 

56 

_ 

V 

Collectorto-Substrate 
Breakdown Voltage 

v (BR)CIO 

»CI = 10/iA. I B = 0 

l E = 0 

50 

72 

- 

40 

72 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 10/iA, l C = 0 

5 

7 

- 

5 

7 

- 

V 

Collector-Cutoff Current 

'CEO 

V CE = 10V, l B =0 

- 

curve 

5 

- 


5 

A A 

Collector-Cutoff Current 

'CBO 

V CB = 10V, l E = 0 

- 

0.002 

100 

- 

0.002 

100 

nA 

DC Forward-Current 
Transfer Ratio 

h FE 

V CE =5V 

lc=10mA 

- 

85 

- 

- 

85 

- 

- 

lc = 1 mA 

30 

TOO 

- 

30 

100 

- 

l C =10/iA 

_ 

90 

- 

- 

90 

- 

Base- to-E miner Voltage 

v B e 

Vce = 3V, lc = 1 mA 

0.63 

0.73 

0.83 

0.63 

0.73 

0.83 

V 

Collector-to-Emitter 
Saturation Voltage 

VcEsat 

1C = 10mA, l B = 1 mA 

- 

0.33 

- 

- 

0.33 

- 

V 

For transistors Q3 and Q4 (Darlington Conf igeration) : j 

Collector-Cutoff 

Current 

CA3118AT 

and 

CA3118T 

only 

•CEO 

VcE = 10V, l B =0 


- 

5 

- 

- 

- 

JJA 

DC Forward-Current 
Transfer Ratio 

h FE 

Vce = 5V, lc = 1mA 

1500 

9000 

- 

1500 

9000 

- 

- 

Base-to-Emitter 
(Q3 to Q4) 

V BE 

V CE =5V 

l E = 10mA 

- 

1.46 

- 

- 

1.46 

- 

V 

l E = 1 mA 


1.32 

- 

- 

1.32 


Magnitude of Base-to- 
Emitter Temperature 
Coefficient 


AV B E 

AT 


V CE = 5V, l E = 1mA 


4.4 

- 

- 

4.4 

- 

mV/°C 

For transistors Q1 and Q2 (AS a Differential Amplifier): | 

Magnitude of Input 
Offset Voltage 
|V B E1 =VbE2| 

|v,o| 

Vce = 5V, l E = 1 mA 

- 

0.48 

5 

- 

0.48 

5 

mV 

Magnitude of 1 CA3118ATand 
h FE Ratio | CA31 18T only 

Vce = 5V, 

• ci = *C2 = 1mA 

0.9 

1.0 

1.1 

0.9 

1.0 

1.1 

- 

Magnitude of Base-to- 
Emitter Temperature 
Coefficient 

1 

av be 

AT 


Vc E = 5V. 
I E = 1 mA 

- 

1.9 

- 

- 

1.9 

- 

mV/°C 

Magnitude of V|o 

(Vbe1' v BE 2> Temp- 
erature Coefficient 

1 

AV|q 

AT 


v CE = sv, 

*C1 = ( C2 = 1 mA 

- 

„ 

- 

- 

1.1 

- 

pv/°c 

Magnitude of 
Input Offset 
Current 

| , ior | io 2 | 

CA3146AE 

and 

CA3146E 

only 

•lO 

v CE = sv. 

•c-| = lc 2 = 1 mA 

- 

0.3 

2 

- 

0.3 

2 

MA 


TYPICAL STATIC CHARACTERISTICS CURVES- 
CA31 18 and CA3146 SERI ES (cont'd Fig.2 to 12) 
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Fig. 2 - ! CEO vs - T A f° r an V transistor. 
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Fig. 3 - Iqbq vs - ^ A ^ or a/7 V transistor. 



Fig. 4 - hp£ vs. Iq for any transistor. | 



92CS-I9644 

Fig. 5- V be vs. T a for any transistor. 
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CA3118, CA3146, CA3183 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS - CA3118 and CA3146 Series 


CHARACTERISTICS 

SYM- 

BOL 

TEST CONDITIONS 

CA3118AT 

CA3146AE 

CA3118T 

CA3146E 

UNITS 

T A ~ 25°C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Low Frequency Noise Figure 

NF 

f = 1kHz, V C E = 5V, 
I C = 100/UA. Source 
resistance = 1 kfl 

- 

3.25 

- 

- 

3.25 

- 

dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit 
Characteristics: 
Foward-Current Transfer 
Ratio 

hfe 

f = 1kHz, V CE =5V, 
l C ■ 1mA 


100 



100 



Short-Circuit Input 
Impedance 

hie 

- 

2.7 

- 


3.5 

- 

kfi 

Open-Circuit Output 
Impedance 

h oe 


15.6 

- 


15.6 


Jimho 

Open-Circuit Reverse - 
Voltage Transfer Ratio 

hre 


1.8x1 O' 4 

- 


1.8x1 O' 4 

- 


Admittance Characteristics: 
Foward Transfer Admittance 

Yfe 

f = 1MHz, V C E = 5V, 
l C - 1mA 


31 -j 1.5 

_ 


31 -i 1 .5 

_ 

mmho 

Input Admittance 

Yj e 

- 

0.35+j0.04 

- 

- 

0.3+j0.04 


mmho 

Output Admittance 

Y oe 

- 

0.001+i0.03 

- 

- 

0.001+j0.03 

- 

mmho 

Reverse Transfer Admittance 

Y re 


See curve 



See curve 


mmho 

Gain-Bandwidth Product 

*T 

V CE = 5V, l C = 3mA 

300 

500 


300 

500 

- 

MHz 

Emitter-to-Base Capacitance 

c EB 

V EB = 5V, l E = 0 

- 

0.70 

I 

_ 

0.70 

- 

pF 

Collector-to-Base Capacitance 

Cob 

V C B = 5V, l C = 0 

- 

0.37 

- 

- 

0.37 

- 

PF 

Collector-to-Substrate 

Capacitance 

CCI 

V C | = 5V, I C = 0 

- 

2.2 

- 

- 

2.2 

- 

PF 


STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T a = 25°C 

CA3183AE 

CA3183E 

Min. | Typ. | Max. 

Min. | Typ. | Max. 

For Each Transistor: J 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

I C =100JLIA, l E =0 

50 

- 

- 

40 


- 

V 

Collector-to-Emitter 
Breakdown Voltage 

v (BR)CEO 

lQ=1mA. I B = 0 

.0 

- 


30 


- 

V 

Collector-to-Substrate 
Breakdown Voltage 

v <BR)CIO 

ICI = 100pA, |0=O, 
l E =0 

so 

- 


40 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 500/iA, lc = 0 

5 

- 

- 

5 

- 

- 

V 

Collector-Cutoff Current 

'CEO 

V C E = 10V. I B =0 

- 

- 

10 


- 

10 

fJA 

Collector-Cutoff Current 

'CBO 

V C B = 10V, l E =0 

- 

- 

1 


- 

1 

f/A 

DC Forward-Current 
Transfer Ratio 

h FE 

V CE = 3 V. I C = 10mA 

40 

- 

- 

40 

- 

- 

~ 

Vq E = 5V, Ic = 50mA 

40 

- 

- 

40 

- 

- 

Base-to-Emitter Voltage 

VBE 

Vce " 3V, l C = 10mA 

0.65 

0.75 

0.85 

0.65 

0.75 

0.85 

V 

Collector-to-Emitter 
Saturation Voltage 

‘VcEsat 

1 

lC = 50mA, l B = 5mA 

- 

1.7 

3.0 

- 

1.7 

3.0 

V 

| For Transistors Q1 and Q2 (As a Differential Amplifier): | 

Absolute Input Offset 
Voltage 

|V| 0 | 

Vce = 3V, l C = 1mA 

- 

0.47 

5 

- 

0.47 

5 

mV 

Absolute Input Offset 
Current 

I'lol 

- 

0.78 

2.5 


0.78 

2.5 

JJA 


• A maximum dissipation of 5 transistors x 1 50mW » 750mW is possible for a particular application. 


TYPICAL STATIC CHARACTERISTICS CURVES- 
CA31 18 and CA31 46 SERIES (cont'd Fig. 2 to 12) 



92CS-I9647 

Fig. 6- Vqe sat vs. !q for any 
transistor. 



Fig. 7- hf£vs. / q for Darlington pair (Q3andQ4) 
for types CA31 18A Tand CA31 18T. 



9ZCS-I5I83RI 

Fig. 8 - l 'be vs. l£ for Darlington 
pair (Q3and Q4). 





Fig. 9 - Vg£ vs. T/\ for Darlington 
pair (Q3and Q4J. 


Fig. 10 - V/o vs. T/\ for Q1 and Q2. 


Fig. 11 - VgE a "d Vjq vs. I £ for Q 1 and Q2. 
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INPUT CONDUCTANCE (g id ) AND 


CA3118, CA3146, CA3183 Types 

TYPICAL STATIC CHARACTERISTICS CURVES 
CA3118 and CA3146 SERIES (Fig.2 to 12) 


TYPICAL DYNAMIC CHARACTERISTICS CURVES 

(FOR ANY TRANSISTOR)— CA31 18, CA3146 SERIES (Fig. 13 to 22) 





Fig. 12 — I to vs. Iq (Q1 and Q2) for types CA3146AE 
and C A3 1 46 E. 


Fig. 13 - NF vs. Iq@Rs = 500 a - 


Fig. 14- NF vs. l c @R S =1kn. 





Fig. 15 - NFvs. Iq@R S = m 


Fig. 16 — hfg, h ie , h oe , h re vs. Iq. 


Fig. 17 -yf e vs. f. 





Fig. 18 - yf e vs. f. Fig. 19 - y oe vs. f. Fig. 20 - y re vs. f 



Fig. 21 - fjvs Iq. Fig. 22 - Cqq, Cqq, Cq/ vs. bias voltage 
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CA3118, CA3146, CA3183 Types 

TYPICAL STATIC CHARACTERISTICS CURVES— CA3183 SERIES 
{Fig. 23 to 30) 




92CS-I9643 


Fig. 23- !qeq vs. T/\ for any transistor. Fig. 24 - Iqqq vs. T a for any transistor. 



Fig. 25- h pe vs. f A for any transistor. 



Fig. 26 - hpE vs. Ig for any transistor. Fig. 27 - Vgg vs. Ig for any transistor. Fig. 28 - Vqe sat vs. Ig for any transistor. 



Fig. 29 - j Vjq\ vs. Ig for differential amplifier (Q 1 and Q2 }. Fig. 30 - \//g\ vs. Ig for differential amplifier (Q 1 and Q2). 
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CA3127E 


High-Frequency N-P-N 
Transistor Array 

For Low-Power Applications at Frequencies up to 
500 MHz 


RCA-CA3127E* consists of five general- 
purpose silicon n-p-n transistors on a common 
monolithic substrate. Each of the completely 
isolated transistors exhibits low 1/f noise and 
a value of f j in excess of 1 GHz, making the 
CA3127E useful from dc to 500 MHz. 
Access is provided to each of the terminals 
for the individual transistors and a separate 
substrate connection has been provided for 
maximum application flexibility. The mono- 
lithic construction of the CA3127E provides 
close electrical and thermal matching of the 
five transistors. 

The CA3127E is supplied in a 16-lead dual-in- 
line plastic package and operates over the full 
military temperature range of —55 to +1 25°C. 
* Formerly RCA Dev. No. TA6206. 

MAXIMUM RATINGS, 

Absolute-Maximum Values: 

POWER DISSIPATION, P D : 

Any one transistor 85 mW 

Total Package: 

For T/\ up to 75°C 425 mW 

ForT/\!>75 C Derate 

Linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —55. to +125 C 

Storage — 65to+125°C 

LEAD TEMPERATURE 
(DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 
(1 .59 ± 0.79 mm) from case 
for 1 0 seconds max . +265 C 


The following ratings apply for each transistor in 
the device: 

Collector-to-Emitter Voltage, Vq^q . . .15 V 

Collector-to-Base Voltage, Vqqq . . . 20 V 

Collector-to-Substrate Voltage, Vqjq* .20 V 

Collector Current, l c 20 mA 

*The collector of each transistor of the CA3127E 
is isolated from the substrate by an integral diode. 
The substrate (terminal 5) must be connected to 
the most negative point in the external circuit to 
maintain isolation between transistors and to 
provide for normal transistor action. 
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TOP VIEW 
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Fig. 1 — Schematic diagram of CA3127E. 


■ Gain-Bandwidth Product (f j) > 1 GHz 

■ Power Gain = 30 dB (typ.) at 100 MHz 

■ Noise Figure = 3.5 dB (typ.) at 100 MHz 

■ Five independent transistors on a common substrate 

Applications: 

■ VHF amplifiers ■ VHF mixers 

■ Multifunction combinations- ■ IF Converter 

RF/mixer/oscillator ■ IF amplifiers 

■ Sense amplifiers ■ Synthesizers 

■ Synchronous detectors ■ Cascade 

amplifiers 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

For Each Transistor: 

Collector-to-Base 
Breakdown Voltage 
Collector-to-Emitter 
Breakdown Voltage 
Collector-to-Substrate 
Breakdown Voltage 
Emitter-to-Base 
Breakdown Voltage* 


DC Forward-Current 
Transfer Ratio 


TEST CONDITIONS 


LIMITS 

Min. | Typ. 1 Max. 


l c = 10/iA, l E = 0 

20 

32 

- 

V 

Iq = 1 mA, 1 0 = 0 

15 

24 

- 

V 

Id = 10 MA, 1 b = 0, 1 E = 0 

20 

60 

- 

V 

l E = 10juA, l C = 0 

4 

5.7 

- 

V 

V CE = 10V, Ib = 0 

- 

- 

0.5 

pA 

Vcb = 10V, Ie = 0 

- 

-• 

40 

nA 

1C = 5 mA 

35 

88 

- 


Vq E = 6 V lc ~ 1 mA 

40 

90 

- 


1C = 0.1 mA 

35 

85 

- 


1C = 5 mA 

.0.71 

0.81 

0.91 


Vce = 6 V lc = 1 mA 

0.66 

0.76 

0.86 

V 

1C = 0.1 mA 

0.60 

0.70 

0.80 


1C = 10 mA, Ib = 1 mA 

- 

0.26 

0.50 

V 

Qi & Q 2 Matched 

- 

0.5 

5 

mV 

V CE = 6 V, l C = 1 mA 

- 

0.2 

3 

juA 


Collector-to-Emitter 

Saturation Voltage >C - 10 mA, ! B ■ 1 mA ^026^050 V_ 

Magnitude of Difference 

... Qi & Qo Matched — 0.5 5 mV 

m Vqe 

Magnitude of Difference „ , , , ^ 

jn ! V CE = 6 V, lc = 1 mA - 0.2 3 juA 

♦When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of 
energy from any possible capacitance or electrostatic discharge in order to prevent degradation of the 
junction. Maximum operating zener current should be less than 1 0 mA. 


Fig. 2 — 1/f noise figure as a function of collector 
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CA3127E 


DYNAMIC CHARACTERISTICS at T A = 25 C 
CHARACTERISTICS TEST CONDITIONS 


l/F Noise Figure f = 100 kHz, Rs = 500 ft, lc = 1 mA 

Gain-Bandwidth Product Vqe = 6 V, lc = 5 mA 
Collector-to-Base ... . 

Capacitance V ^ B ' ~ z 


Vcb = 6 V, f = 1 MHz 


LIMITS 

Min. Typ. Max. 

1.8 - 

- 1.15 - 













CA3127E 



Fig. 10 — Input admittance (Y as a function of 
frequency. 



92CS-22222 

Fig. 11 — Input admittance (Y jj) as a function of 
collector current. 



Fig. 12 — Output admittance (Y 22 ) as a function of 
frequency. 



Fig. 13 - Output admittance ( Y 22 ) as a function of 
collector current. 



Fig. 14 — Forward transadmittance (Y 2 j) as a 
function of collector current. 



Fig. 15 - Forward transadmittance ( Y 21 ) as a 
function of frequency. 
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Fig. 16 — Reverse transadmittance (Y j 2 ) as a 
function of collector current. 


Fig. 17 — Reverse transadmittance (Y 72 ) as a 
function of frequency. 



Fig. 18 - Voltage-gain test circuit using current- 
mirror biasing for 0% 



This circuit was chosen because it conveniently 
represents a close approximation in performance to 
a properly unilateralized single transistor of this 
type. The use of Q3 in a current-mirror configu- 
ration facilitates simplified biasing. The use of the 
cascode circuit in no way implies that the tran- 
sistors cannot be used individually. 



Fig. 20 - Block diagrams of power-gain and noise- 

Fig. 19 — 100-MHz power-gain and noise-figure test circuit. figure test set-ups. 
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CA3130, CA3130A, CA3130B Types 

BiMOS 

Operational Amplifiers 

With MOS/FET Input, COS/MOS Output 

RCA-CA3130T, CA3130E, CA3130S, CA- 
31 30AT,CA31 30AS.CA31 30AE,CA31 30BT, 
and CA3130BS are integrated-circuit oper- 
ational amplifiers that combine the advan- 
tages of both COS/MOS and bipolar tran- 
sistors on a monolithic chip. 

Gate-protected p-channel MOS/FET (PMOS) 
transistors are used in the input circuit to 
provide very-high-input impedance, very-low- 
input current, and exceptional speed per- requiring offset-null 

formance. The use of PMOS field-effect visions are also mai 

transistors in the input stage results in t ' 1e out P ut stage, 

common-mode input-voltage capability down y^ e CA31 30 Series 

to 0.5 volt below the negative-supply ter- 8-lead TO-5 style p 

minal, an important attribute in single-supply dual-in-line formed 

applications. CAN" packages (S 

A complementary-symmetry MOS (COS/ available in chip 
MOS) transistor-pair, capable of swinging the CA3130 and CA3 

output voltage to within 10 millivolts of in the Mini-DIP 8 

either supply-voltage terminal (at very high package (E suffix), 

values of load impedance), is employed as the full military-tern 

the output circuit. to +125°C, The 


The CA3130 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or ±2.5 
to ±8 volts when using split supplies. They 
can be phase compensated with a single ex- 
ternal capacitor, and have terminals for 
adjustment of offset voltage for applications 


requiring offset-null capability. Terminal pro- 
visions are also made to permit strobing of 
the output stage. 

The CA3130 Series is supplied in standard 
8-lead TO-5 style packages (T suffix), 8-lead 
dual-in-line formed lead TO-5 style "DIL- 
CAN" packages (S suffix). The CA3130 is 
available in chip form (H suffix). The 
CA3130 and CA3130A are also available 
in the Mini-DIP 8-lead dual-in-line plastic 
package (E suffix). All types operate over 
the full military-temperature range of -55°C 
to +125°C, The CA3130B is intended 
for applications requiring premium-grade 
specifications and with limits established 
for: input current, temperature coefficient 
of input-offset voltage, and gain over the 
range of -55°C to +125°C. The CA3130A 
offers superior input characteristics over 
those of the CA3130. 


BIAS CIRCUIT j (^CURRENT SOURCE FOR Q6 AND Q7 


n c 1 

| "CURRENT- SOURCE I 
1 LOAD" FOR Q1I 


Features: 

■ MOS/FET input stage provides: 

very high Z, * 1.5 TO (1.5 x 10 12 £2) typ. 
very low l| = 5 pA typ. at 15-V operation 
2 pA typ. at 5-V operation 

■ Common-mode input-voltage range includes } 

negative supply rail; input terminals can / Ideal for 
be swung 0.5 V below negative supply rail / single-supply 

■ COS/MOS output stage permits signal swing \ applications 

to either (or both) supply rails 

■ Low V, 0 : 2 mV max. (CA3130B) 

■ Wide BW: 15 MHz typ. (unity -gain crossover) 

■ High SR: 10 V/jLts typ. (unity-gain follower) 

ty. Terminal pro- a High output current (Iq): 20 mA typ. 

irmit strobing of ■ High A 0L : 320,000 (110 dB) typ. 

■ Compensation with single external capacitor 

)lied in sta ndard Applications: 

(T suffix), 8-lead 

0-5 style "DIL- ■ Ground-referenced single-supply amplifiers 
The CA3130 is ■ Fast sample-hold amplifiers 

1 suffix). The ■ Long-duration timers/monostables 

e also available a High-input-impedance comparators 

ial-in-line plastic (ideal interface with digital COS/MOS) 

pes operate over * ' . . .... 

range of -55°C ■ High-mput-impedance wideband amplifiers 

0B is intended ■ Voltage followers 

premium-grade (e.g., follower for single-supply D/A 

(Pits established converter) 

ature coefficient ... 

d gain over the " Volta 9 e re 9 ula,ors 

, The CA3130A (permits control of output voltage 

racteristics over down to zero volts) 

■ Peak detectors 

■ Single-supply full-wave precision rectifiers 

(f) v + ■ Photo-diode sensor amplifiers 


5 kCl I I 

— " J J 

I INPUT STAGE 


PHASE COMPENSATION TAB 



S and T Suffixes 



(5>» OFFSET NULL -•<!>• COMPENSATION 

NOTE: 

DIODES 05 THROUGH D8 PROVIDE GATE -OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE. 


<8V STROBING -*<4)V 


Fig. 1 — Schematic diagram of the CA3130 Series. 


Fig. 2 — Functional diagrams for the CA3130 series. 
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CA3130, CA3130A, CA3130B Types 


MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY VOLTAGE 

(Between V + and V Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8 V 

COMMON-MODE DC 

INPUT VOLTAGE. . . (V + +8 V) to (V -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEATSINK - 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

WITH HEATSINK - 

AT 125°C 418 mW 

BELOW 125°C . . . Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPERATING (all types) -55to+125°C 

STORAGE (all types) -65 to + 150°C 

OUTPUT SHORT-CIRCUIT 

DURATION * INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH 

(1 .59 ± 0.79 mm) FROM CASE 

FOR 10 SECONDS MAX +265°C 

‘Short circuit may be applied to ground or to either 
supply. 


ELECTRICAL CHARACTERISTICS at T A «25°C, V+-15 V, V" - 0 V (Unless otherwise specified) 



CHARACTERISTIC 

LIMITS | 

Units 

CA3130B (T,S) 

CA3130A (T,S,E) 

CA3130 (T,S,E) ! 

Min. 

Typ. 

Max. 

Min. 

BB1 

Max. 


■ms 

Max. 

Input Offset Voltage, 
|V| 0 I ■ v±=± 7,5 V 

- 

0.8 

2 

- 

2 

5 

- 

8 

15 

mV 

Input Offset Current, 
|l| 0 |, V ±= ±7.5 V 

- 

0.5 

10 

- 

0.5 

20 

- 

0.5 

30 

pA 

Input Current, l| 
V ± =±7.5 V 

- 

5 

20 

- 

5 

30 

- 

5 

50 

PA 

Large-Signal Voltage 
Gain, Aql 

V O =10V p . p ,R L =2 kS2 

100 k 

320 k 

- 

50 k 

320 k 

- 



H 

V/V 

100 

110 

- 

94 

110 

- 

94 


- 

dB 

Common-Mode 
Rejection Ratio,CMRR 

86 

100 

- 

80 

90 

- 

70 

90 

H 


Common-Mode Input- 
Voltage Range, VjQp 

0 




-0.5 

to 

12 



-0.5 

to 

12 

Q 

V 


fl 

32 


B 

32 

150 

D 

32 

320 

/iV/V 





12 

13.3 

■ 



II 

i 

L v OM 

- 


1211 

- 

0.002 

0.01 

rz: 

0.002 

0.01 

A ♦ Q - no ^OM 

14.99 

15 


UM 

mm 

HB 

^ 

mm 

BH 

At Rl v om - 

- 

0 


- 

0 

EEH 


0 

mi 

Maximum Output 
Current: 

Iqm + (Source) @ 
v 0 = o V 

12 

B 

45 

12 

22 

45 

i 

22 

45 

mA 

Iqm"" (Sink) @ 
V 0 = 15 V 

12 



12 

20 

45 

H 

20 

45 

Supply Current, l + : 
V 0 =7.5 V,R l =°° 

- 

10 

15 

- 



■ 

10 

15 

mA 

v 0 = o V, r l = °° 

- 

2 

3 

- 

2 

D 


2 

3 

Input Current, l|* 

- 

Fig. 12 

15 

- 

Fig. 12 

- 

- 

Fig. 12 

- 

nA 

Input Offset Voltage 
Temp. Drift, 

av, 0 /at* 

- 

5 

15 

- 

10 

- 

- 

10 

- 

juV/°C 

Large-Signal Voltage 
Gain, Aql* 

50 k 

320 k 

- 

- 

320 k 

- 

- 

320 k 

- 

~W\T 

94 

110 

- 

- 

110 

- 

- 

110 

- 

dB 


Fig. 3 — Block diagram of the CA3130 Series. 



10* 10* to 4 I0 5 10^ 

FREQUENCY <f > — Hz 


9ZC3 — 24716 


Fig. 4 — Open-loop voltage gain and phase shift 
vs. frequency for various values of 
C[_, Cq, and R [_• 



AMBIENT TEMPERATURE (T A > — °C 92C s- 

Fig. 5 — Open-loop gain i/s. temperature. 



17.5 20 22.5 


* T a = -55 to +125°C, V ±=±7.5 V (I, and Av |0 / At), V q = 10 V p ^ and R L = 2 kfi(A OL ). 


CATE VOLTAGE (V G ) [TERMS 4 B e] — V 92CS-Z47I6 

Fig. 6 — Voltage transfer characteristics of 
COS/MOS output stage. 
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CA3130, CA3130A, CA3130B Types 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3130B 

(T,S) 

CA3130A 

(T.S.E) 

CA3130 

(T.S.E) 

■ 

V + * +7.5 V 
V“ = —7.5 V 
T A * 25°C 
(Unless Other- 
wise Specified) 

Input Offset Voltage 
Adjustment Range 

1 0 kH across 
Terms. 4 and 5 
or 4 and 1 

±22 

±22 

±22 

o 

Input Resistance, R| 


1.5 

1.5 

1.5 

HSI 

Input Capacitance, C| 

f = 1 MHz 

4.3 

4.3 

4.3 

pM 

Equivalent Input Noise 
Voltage, e n 

■MiMB 

23 


23 

II 

Unity Gain Crossover 
Frequency, f j 

o 

o 

II 

o 

15 

15 

15 

MHz 

C C = 47 pF 

4 

4 

4 

Slew Rate, SR: 
Open Loop 

o 

o 

ii 

o 

30 

30 


Q 

Closed Loop 

C c = 56 pF 

10 



Transient Response: 
Rise Time, t r 

C c = 56 pF 
C L = 25 pF 
R L =2kO 
(Voltage 
Follower) 

0.09 



■ 

Overshoot 

10 

10 



Settling Time (4 V p _ p 
Input to <0.1%) 


1.2 

1.2 

D 


* Although a 1-Mfi source is used for this test, the equivalent input noise remains constant for values of Rg 
up to 10 M£2. 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3130B 

(T,S) 

CA3130A 

(T.S.E) 

CA3130 

(T.S.E) 


V + = 5 V 
v- = o V 
T a = 25°C 
(Unless Other- 
wise Specified) 

Input Offset Voltage, Vjq 


1 

2 

8 


Input Offset Current, I|q 


0.1 

0.1 

0.1 


Input Current, l| 


2 

2 

2 


Common-Mode Rejection 
Ratio, CMRR 


100 

90 

80 


Large-Signal Voltage 
Gain, Aql 

V 0 = 4V p . p 
R l_ = 5 k£2 


100 k 



100 

100 


dB 

Common-Mode Input 
Voltage Range, Vjqr 




0 to 2.8 

H 

Supply Current, l + 

V 0 = 5 V, 
Rj_ = 00 

300 

300 

300 

D 

V 0 = 2.5 V, 

R L = oo 

500 

500 

500 

Power Supply Rejection 
Ratio, AV, 0 /AV + 


200 

200 

200 

juV/V 



92CS-28574 


Fig. 7 — Quiescent supply current vs. supply voltage. 



92CS- 24720 


Fig. 8 - Quiescent supply current vs. supply voltage 
at several temperatures. 



92CS - 24 721 

Fig. 9 - Voltage across PMOS output transistor 
( Q8 } vs. load current. 



(Q12) vs. load current. 
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CA3130, CA3130A, CA3130B Types 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3130 
Series COS/MOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and the 
output can be swung very close to either 
supply rail in many applications. Conse- 
quently, the CA3130 Series circuits are ideal 
for single-supply operation. Three Class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig. 3, provide the total gain of the 
CA3130. A biasing circuit provides two 
potentials for common use in the first and 
second stages. Term. 8 can be used both for 
phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied 
to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output 
potential at Term. 6 essentially rises to the 
positive supply-rail potential at Term. 7. 
This condition of essentially zero current 
drain in the output stage under the strobed 
"OFF" condition can only be achieved when 
the ohmic load resistance presented to the 
amplifier is very high (e.g., when the amplifier 
output is used to drive COS/MOS digital 
circuits in comparator applications). 

Input Stages— The circuit of the CA3130 is 
shown in Fig. 1. It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (Q6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q1 1 ). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS transistors 
Q2, Q4 are the constant-current source for 
the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D8 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 
Second-Stage— Most of the voltage gain in the 
CA3130 is provided by the second amplifier 
stage, consisting of bipolar transistor Q11 
and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. 
The source of bias potentials for these PMOS 
transistors is subsequently described. Miller- 
Effect compensation (roll-off) is accom- 
plished by simply connecting a small capa- 
citor between Terms. 1 and 8. A 47-picofarad 
capacitor provides sufficient compensation 
for stable unity-gain operation in most 
applications. 

Bias-Source Circuit— At total supply voltages, 
somewhat above 8.3 volts, resistor R2 and 
zener diode Z1 serve to establish a voltage of 
8.3 volts across the series-connected circuit, 
consisting of resistor R1, diodes D1 through 
D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides 
a gate-bias potential of about 4.5 volts for 


PMOS transistors Q4 and Q5 with respect to 
Term. 7. A potential of about 2.2 volts is 
developed across diode-connected PMOS tran- 
sistor Q1 with respect to Term. 7 to provide 
gate bias for PMOS transistors Q2 and Q3. It 
should be noted that Q1 is "mirror-con- 
nected"t to both 02 and Q3. Since tran- 
sistors Q1, 02, Q3 are designed to be iden- 
tical, the approximately 200-microampere 
current in Q1 establishes a similar current in 
02 and Q3 as constant-current sources for 
both the first and second amplifier stages, 
respectively. 

At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage, Consequently, the gate bias for 04, 
Q5 and 02, Q3 varies in accordance with 
supply-voltage variations. This variation re- 
sults in deterioration of the power-supply- 
rejection ratio (PSRR) at total supply volt- 
ages below 8.3 volts. Operation at total sup- 
ply voltages below about 4.5 volts results in 
seriously degraded performance. 

Output Stage— The output stage consists of a 
drain-loaded inverting amplifier using COS/ 
MOS transistors operating in the Class A 
mode. When operating into very high resist- 
ance loads, the output can be swung within 
millivolts of either supply rail. Because the 
output stage is a drain-loaded amplifier, its 
gain is dependent upon the load impedance. 
The transfer characteristics of the output 
stage for a load returned to the negative 
supply rail are shown in Fig. 6. Typical op- 
amp loads are readily driven by the output 
stage. Because large-signal excursions are non- 
linear, requiring feedback for good waveform 
reproduction, transient delays may be en- 
countered. As a voltage follower, the ampli- 
fier can achieve 0.01 per cent accuracy levels, 
including the negative supply rail. 

Input Current Variation with Common- 
Mode Input Voltage 

As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3130 
Series Op-Amps is typically 5 pA at Ta = 25 0 C 
when terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 11 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at Ta = 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 


tFor general information on the characteristics 
of COS/MOS transistor-pairs in linear-circuit 
applications, see File No. 619, data bulletin on 
CA3600E "COS/MOS Transistor Array". 


gate-protection diodes in the input circuit 
and, therefore, a function of the applied 
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Fig. 11 — Input current vs. common-mode voltage. 

voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3130 is also internally tied to Term- 
inal 4, input terminal 3 is essentially "guarded" 
from spurious leakage currents. 

Offset Nulling 

Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 
4. A fine offset-null adjustment usually can 
be effected with the slider arm positioned in 
the mid-point of the potentiometer's total 
range. 

Input-Current Variation with Temperature 
The input current of the CA3130 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig. 12 provides data 
on the typical variation of input bias current 
as a function of temperature in the CA3130. 



Fig. 12 — Input current vs. ambient temperature. 

In applications requiring the lowest practical 
input current and incremental increases in 
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CA3130, CA3130A, CA3130B Types 


current because of "warm-up" effects, it is 
suggested that an appropriate heat sink be 
used with the CA3130. In addition, when 
"sinking" or "sourcing" significant output 
current the chip temperature increases, 
causing an increase in the input current. In 
such cases, heat-sinking can also very mar- 
kedly reduce and stabilize input current 
variations. 

Input-Off set- Voltage (Vjq) Variation with 
DC Bias vs. Device Operating Life 
It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
^device for extended time periods. The magni- 
tude of the change is increased at high tem- 
peratures. Users of the CA3130 should be 
alert to the possible impacts of this effect if 
the application of the device involves ex- 
tended operation at high temperatures with a 
significant differential dc bias voltage applied 
across Terms. 2 and 3. Fig. 1 3 shows typical 
data pertinent to shifts in offset voltage 
encountered with CA3130 devices (TO-5 
package) during life testing. At lower tem- 
0 peratures (TO-5 and plastic), for example 
at 85°C, this change in voltage is con- 
siderably less. In typical linear applica- 
tions where the differential voltage is small 
and symmetrical, these incremental changes 
are of about the same magnitude as those 
encountered in an operational amplifier em- 
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example rep- 
resents conditions when the amplifier output 
stage is "toggled", e.g., as in comparator 
applications. 



Fig. 13 — Typical incremental offset-voltage shift 
vs. operating life. 


Power-Supply Considerations 

Because the CA3130 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 
dual-supply service. Figs. 14a and 14b show 
the CA3130 connected for both dual- and 
single-supply operation. 

Dual-supply operation: When the output 

voltage at Term. 6 is zero-volts, the currents 
supplied by the two power supplies are equal. 
When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to 
ground, current flow through Q12 (from the 


negative supply) to the load is increased and 
current flow through Q8 (from the positive 
supply) decreases correspondingly. When the 
gate terminals of Q8 and Q12 are driven in- 
creasingly negative with respect to ground, 
current flow through Q8 is increased and 
current flow through Q12 is decreased 
accordingly. 

Single-supply operation: Initially, let it be 

assumed that the value of R j_ is very high 
(or disconnected), and that the input-terminal 
bias (Terms. 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V + /2, i.e., 
the voltage-drops across Q8 and Q12 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3130 operated under these conditions. 
Since the output stage is operating as a 
Class A amplifier, the supply-current will 
remain constant under dynamic operating 
conditions as long as the transistors are 
operated in the linear portion of their 
voltage-transfer characteristics (see Fig. 6). 
If either Q8 or Q12 are swung out of their 
linear regions toward cut-off (a non-linear 
region), there will be a corresponding re- 
duction in supply-current. In the extreme 
case, e.g., with Term. 8 swung down to 
ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the 
supply-current to series-connected transistors 
Q8, Q12 goes essentially to zero. The two 
preceding stages in the CA3130, however, 
continue to draw modest supply-current (see 
the lower curve in Fig. 7) even though the 
output stage is strobed off. Fig. 14a shows a 
dual-supply arrangement for the output stage 
that can also be strobed off, assuming R(_ =00 , 
by pulling the potential of Term. 8 down to 
that of Term. 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Term. 6 and ground in the 
circuit of Fig. 14b. Let it further be assumed 
again that the input-terminal bias (Terms. 2 
and 3) is such that the output terminal (No. 
6) voltage is a V + /2. Since PMOS transistor 
Q8 must now supply quiescent current to 
both R|_ and transistor Q12, it should be 
apparent that under these conditions the 
supply-current i^iust increase as an inverse 
function of the R|_ magnitude. Fig. 9 shows 
the voltage-drop across PMOS transistor Q8 
as a function of load current at several supply- 
voltages. Fig. 6 shows the voltage-transfer 
characteristics of the output stage for several 
values of load resistance. 

Wideband Noise 

From the standpoint of low-noise perform- 
ance considerations, the use of the CA3130 
is most advantageous in applications where 
in the source resistance of the input signal is 
in the order of 1 megohm or more. In this 
case, the total input-referred noise voltage 
is typically only 23 juV when the test-circuit 
amplifier of Fig. 15 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 




T POSITIVE 
1 SUPPLY 



(o) DUAL POWER-SUPPLY OPERATION 


-Ft 



(b) SINGLE POWER-SUPPLY OPERATION 

92CS - 24725 

Fig. 14 — CA3130 output stage in dual and single 
power-supply operation. 



Fig. 15 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 


resistance is raised by an order of magnitude. 
This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 

TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3130, are particularly 
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suited to service as voltage followers. Fig. 16 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3130 in a split-supply config- 
uration. 

A voltage follower, operated from a single 
supply, is shown in Fig. 17, together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus- 
trated by the reproduction of the output 



Top Trace: Output 
Bottom Trace: Input 
(a) Small-signal response (50 mV/div. 
and 200 ns/div.) 


waveform in Fig. 17a with input-signal 
ramping. The waveforms in Fig. 17b show 
that the follower does not lose its input-to- 
output phase-sense, even though the input is 
being swung 7.5 volts below ground potential. 
This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig. 17b also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use of the CA3130 in a single-supply voltage- 
follower application. 


+15 V 




and 5 gs/dw.) 


Center Trace: Difference signal (5 mV/div. 
and 5 jus/div.) 

Bottom Trace: Input signal (2 V/div. 
and 5 jus/div.) 

(b) Input-output difference signal showing 
settling time (Measurement made with 
Tektronix 7A1 3 differential amplifier) 

Fig. 16 — Split-supply voltage follower with 
associated waveforms. 


(a) Output-waveform with input-signal ramping 
(2 V/div. and 500 jus/div.) 



Fig. 17 — Single-supply voltage-follower with 
associated waveforms, (e.g., for use 
in single-supply D/A converter; see 
Fig. 9 in ICAN-6080). 


9- Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig. 1 8 This 
system combines the concepts of multiple- 
switch COS/MOS IC's, a low-cost ladder 
network of discrete metal-oxide-film resistors, 
a CA3130 op amp connected as a follower, 
and an inexpensive monolithic regulator in a 
simple single power-supply arrangement. An 
additional feature of the DAC is that it is 
readily interfaced with COS/MOS input logic, 
e.g., 10-volt logic levels are used in the circuit 
of Fig. 18. 

The circuit uses an R/2R voltage-ladder 
network, with the output potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 
of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and 
parallel combinations of 806,000-ohm re- 
sistors from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3130 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the 
regulator output control, set to a nominal 

10- volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- . 
tions of several volts in the supply. The 
flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 

Single-Supply, Absolute-Value, Ideal Full- 
Wave Rectifier 

The absolute-value circuit using the CA3130 
is shown in Fig. 19. During positive excur- 
sions, the input signal is fed through tne 
feedback network directly to the output. 
Simultaneously, the positive excursion of the 
input signal also drives the output termi- 
nal (No. 6) of the inverting amplifier in a 
negative-going excursion such that the 1N914 
diode effectively disconnects the amplifier 
from the signal path. During a negative-going 
excursion of the input signal, the CA3130 
functions as a normal inverting amplifier with 
a gain equal to — R2/R1. When the equality 
of the two equations shown in Fig. 19 is 
satisfied, the full-wave output is symmetrical. 

Peak Detectors 

Peak-detector circuits are easily implemented 
with the CA3130, as illustrated in Fig. 20 
for both the peak-positive and the peak- 
negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the 


*"Digital-to-Analog Conversion Using the 
RCA-CD4007A COS/MOS 1C”, Application 
Note ICAN-6080. 
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Fig. 18 — 9-bit DAC using COS/MOS digital switches and CA3130. 


peak-negative circuit is much less than that of 
the peak-positive circuit. The second stage 
of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion 
requires a positive-going signal excursion at 
the collector of transistor Q11, which is 
loaded by the intrinsic capacitance of the 
associated circuitry in this mode. On the 
other hand, during a negative-going signal 
excursion at the collector of Q11, the 
transistor functions in an active "pull-down" 
mode so that the intrinsic capacitance can be . 
discharged more expeditiously. 


6 Vp_ p INPUT ; Q+7.3 V 

BW1-3 dB) • 1.3 MHr T 

0.3 V p _p INPUTi [X 

BW(-3 dB) ■ 240 kHi j. I T 
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(a) PEAK POSITIVE DETECTOR CIRCUIT 
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(b) PEAK NEGATIVE OETECTOR CIRCUIT 


Fig. 20 — Peak-detector circuits. 
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Top Trace: Output signal (2 V/div.) 

Bottom Trace: Input signal (10 V/div.) 

Time base on both traces: 0.2 ms/div. 


Fig. 19 — Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 


Error-Amplifier in Regulated-Power Supplies 

The CA3130 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. Fig. 21 shows the 
schematic diagram of a 40-mA power supply 
capable of providing regulated output volt- 
age by continuous adjustment over the range 
from 0 to 13 volts. Q3 and Q4 in IC2 (a 
CA3086 transistor-array 1C) function as 
zeners to provide supply-voltage for the 
CA3130 comparator (IC1). Q1, Q2, and 
Q5 in IC2 are configured as a low impedance, 
temperature-compensated source of adjust- 
able reference voltage for the error amplifier. 
Transistors Q1, Q2, Q3, and Q4 in IC3 
(another CA3086 transistor-array 1C) are 
connected in parallel as the series-pass ele- 
ment. Transistor Q5 in IC3 functions as a 
current-limiting device by diverting base 
drive from the series-pass transistors, in 
accordance with the adjustment of resistor 
R2. 

Fig. 22 contains the schematic diagram of a 
regulated power-supply capable of providing 
regulated output voltage by continuous ad- 
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REGULATION (NO LOAD TO FULL LOAD): < 0.01% 

INPUT REGULATION: 0.02%/V 

HUM AND NOISE OUTPUT: < 23 M V UP TO 100 kHz 

92CM-24732 

Fig.21 — Voltage regulator circuit (0 to 13 V at 40 ma). 



REGULATION (NO LOAD TO FULL LOAD): <0.003% 
INPUT REGULATION: <O.OI%/V 

HUM AND NOISE OUTPUT: <230 pV RMS UP TO 100 kHz 


92CM- 24734 

Fig. 2 2 - Voltage regulator circuit (0. 1 to 50 V at 1 A). 


justment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error 
amplifier (IC1) and circuitry associated with 
IC2 function as previously described, al- 
though the output of I Cl is boosted by a 
discrete transistor (Q4) to provide adequate 
base drive for the Darlington-connected series- 
pass transistors Q1, Q2. Transistor Q3 func- 
tions in the previously described current- 
limiting circuit. 

Multivibrators 

The exceptionally high input resistance pre- 
sented by the CA3130 is an attractive feature 
for multivibrator circuit design because it 
permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse 
generator (astable multivibrator), with pro- 
visions for independent control of the "on" 
and "off" periods, is shown in Fig. 23. 
Resistors R1 and R2 are used to bias the 
CA3130 to the mid-point of the supply-volt- 
age and R3 is the feedback resistor. The 
pulse repetition rate is selected by position- 
ing SI to the desired position and the rate 
remains essentially constant when the re- 
sistors which determine "on-period" and 
"off-period" are adjusted. 

Function Generator 

Fig. 24 contains a schematic diagram of a 
function generator using the CA3130 in the 
integrator and threshold detector functions. 
This circuit generates a triangular or square- 
wave output that can be swept over a 
1,000,000:1 range (0.1 Hz to 100 kHz) by 
means of a single control, R1. A voltage- 
control input is also available for remote 
sweep-control. 

The heart of the frequency-determining sys- 
tem is an operational-transconductance-ampli- 
fier (OTA)*, I Cl , operated as a voltage-con- 
trolled current-source. The output, lo, is a 
current applied directly to the integrating 
capacitor, Cl, in the feedback loop of the 
integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer 
R2 is used to adjust the circuit for slope 
symmetry of positive-going and negative- 
going signal excursions. 

Another CA3130, IC3, is used as a controlled 
switch to set the excursion limits of the 
triangular output from the integrator circuit. 
Capacitor C2 is a "peaking adjustment" to 
optimize the high-frequency square-wave 
performance of the circuit. 

Potentiometer R3 is adjustable to perfect the 
"amplitude symmetry" of the square-wave 
output signals. Output from the threshold 
detector is fed back via resistor R4 to the 
input of IC1 so as to toggle the current 
source from plus to minus in generating the 
linear triangular wave. 


*See File No. 475 and ICAN-6668. 
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Fig.23 — Pulse generator (astable multivibrator ) with 
provisions for independent control of " ON " 
and “OFF" periods. 



Fig. 24 — Function generator (frequency can be varied 
1,000,000/1 with a single control). 


Operation with Output-Stage Power-Booster 
The current-sourcing and -sinking capability 
of the CA3130 output stage is easily sup- 
plemented to provide power-boost capabil ity. 
In the circuit of Fig. 25, three COS/MOS 
transistor-pairs in a single CA3600E* 1C array 
are shown parallel connected with the output 
stage in the CA3130. In the Class A mode of 
CA3600E shown, a typical device consumes 
20 mA of supply current at 15-V operation. 


This arrangement boosts the current-handling 
capability of the CA3130 output stage by 
about 2.5X. 

The amplifier circuit in Fig. 25 employs 
feedback to establish a closed-loop gain of 
48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 


*See File No. 619 for technical information. 
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+ 15 V 



TRANSISTORS pi , p2, p3 AND nl,n2, n3 ARE 
PARALLEL -CONNECTED WITH Q8 AND 012, 

RESPECTIVELY, OF THE CA3I30 

92CM-24737 

Fig. 25 - COS/MOS transistor array (CA3600E) 
connected as power-booster in the 
output stage of the CA3130. 
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The photographs and dimensions represent a chip 
Dimensions in parentheses are in millimeters and when it is part of the wafer. When the wafer is 

are derived from the basic inch dimensions as in- cut into chips, the cleavage angles are 57° in- 
dicated. Grid graduations are in mils (10—3 inch). stead of 90° with respect to the face of the chip. 

Therefore, the isolated chip is actually 7 mils 
(0. 17 mfn) larger in both dimensions. 

Dimensions and Pad Layout for CA3130H. 
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CA3138G, CA3138AG Types 

Preliminary Data 


High-Current, High-Beta 
N-P-N Transistor Arrays 

Hermetic Gold-CHIP Type For Industrial, Commercial, 
and Military Applications 

Four Isolated Discrete Sealed-Junction High-Current 
N-P-N Transistors 


Features: 

■ High Current —1 A 

■ High Beta — 95 min. at Iq = 500 mA, Vq E = 5 V 

■ Low V ce (SAT) -0.4 V max. at l c = 500 mA, l B = 12.5 mA 

■ "Hermetic Gold-CHIP" Construction . .. . 

■ Silicon Nitride Passivated Applications: 

■ Platinum Silicide Ohmic Contacts ■ High-Current LED Driver 

■ Gold-CHIP Interconnect Metallization ■ Relay and Solenoid Driver 

and Gold Bonding Pads ■ Lamp Driver 


The RCA-CA31 38G and CA3138AGare high- 
current n-p-n transistor arrays containing 
four isolated (discrete) sealed-junction high- 
current n-p-n transistors. They are intended 
for high-current, high-speed switching and 
driver applications. 

The CA3138AG has all the features and 
characteristics of the CA3138G but is in- 
tended for applications requiring premium 
grade specifications — higher rating for 
VcbO 25 volts and limits established for 
! CEO' 1 EBO and h FE at 10 mA - 


The CA3138G and CA3138AG are supplied 
in a 14-lead dual-in-line plastic package and 
operate over the full military temperature 
range of -55°C to +125°C. The transistor 
chip used for these types is of the sealed- 
junction type to provide protection against 
the deteriorating effects of humidity and 
other surface contaminants without the 
need for a hermetic package enclosure. 

The semiconductor junctions are sealed by 
a silicon nitride passivation layer. A multi- 
layered, highly corrosion-resistant, terminal 
connection system of unique design is 
employed. 


NC 
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Fig. 1 -7 Terminal diagram (top view). 





MAXIMUM RATINGS, Absolute-Maximum 
Values 

COLLECTOR-TO-EMITTER 

VOLTAGE 15 V 

With Base Open (V ce q) 

COLLECTOR-TO-BASE 

VOLTAGE 

With Emitter Open (V^ B q) 


CA3138G 20 V 

CA3138AG 25 V 

EMITTER-TO-BASE 

VOLTAGE 5 V 

With Collector Open (V BB q) 

COLLECTOR CURRENT (l c ) 1 A 

POWER DISSIPATION (P Q ): 

At T^ up to 25°C: 

For Each Transistor .... 1 

Total Package 2 

At T A above 25°C derate 

linearly 20 mW/°C 

AMBIENT TEMPERATURE 
RANGE: 

Operating -55 to +125 °C 

Storage —65 to +150 °C 

LEAD TEMPERATURE 
(DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 
( 1 .59 ± 0.79 mm) from case 
for 10 seconds max 265 C 
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ELECTRICAL CHARACTERISTICS at T A = 25°C 





LIMITS | 


Characteristic 


Test Conditions 

CA3138G | 

CA3138AG | 

Units 




Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Collector-to-Emitter Sustaining 
Voltage, Vq^o^ sus )* 

Iq = 1 mA, 1 B = 0 

15 

20 

- 

15 

20 

- 

V 

Collector-to-Emitter Breakdown 
Voltage, V( BR)CES 

l C = 10/uA 

20 

55 

- 

25 

60 

- 

V 

Collector-to-Base Breakdown 
Voltage, V (BR)CB0 

l c = 10 pA, l E = 0 

20 

55 

- 

25 

60 

- 

V 

Emitter-to-Base Breakdown 
Voltage, V (BR ) EB0 

l E = 10/LtA, l c = 0 

5 

7.2 

- 

5 

7.2 

- 

V 

Base-to-Emitter Saturation 
Voltage, V BE (sat)* 

l c = 500mA, l B = 12.5mA 

0.7 

0.81 

1.1 

0.7 

0.81 

1.1 

V 

Collector-to-Emitter Saturation 
Voltage, VQ E (sat)* 

l c =500mA, l B = 12.5mA 

- 

0.26 

0.4 

- 

0.26 

0.4 

V 


! cbo 

V CB = 15V 

- 

0.03 

1 

- 

0.02 

0.1 


Collector-Cutoff 

Current 

‘CEO 

v CE = 10 V 

- 

0.5 

- 

- 

0.3 

1.0 

pA 


>EBO 

V EB = 4V 

- 

0.01 

- 

- 

0.01 

0.1 




l c =10mA, V CE = 5 V 

- 

- 

- 

35 

140 

- 


Static Forward-Current Transfer 

•c = 10 °mA, V CE = 5V 

80 

160 

450 

80 

160 

450 


Ratio (Beta), hp E * 

l c = 500mA, V ce = 5V 

95 

170 

500 

95 

170 

500 





i c -ia,v ce -5v 

40 

170 

- 

40 

170 

- 


Small-Signal Forward Current 
Transfer Ratio, hf e 

l c = 50 mA, V CE = 10 V, 
f = 100 MHz 

2 

- 

- 

2 

- 

- 


Collector-to-Base 
Capacitance, Cq B 

v CB = 10 V, l E = 0 

- 

18 

- 

- 

18 

- 

pF 

Emitter-to-Base 
Capacitance, C EB 

V EB = 0.5 V, l c = 0 

- 

77 

- 

- 

77 

- 

pF 

Rise Time (See Test Ckt. 
Fig. 6),t r 

Iq = 570 mA 

- 

6 

- 

- 

6 

- 

ns 

Fall Time (See Test Ckt. 









| Fig. 6), tf 


1 B ^ =30 mA 

- 

100 

- 

- 

100 

- 

ns 

1 Delay Time (See Test Ckt. 









| Fig. 6), t d 


1 B2 = 0 

- 

7.5 

- 

- 

7.5 

- 

ns 

1 Storage Time (See Test Ckt. 









Fig. 6). t s 



- 

850 

- 

- 

850 

- 

ns 


’•'Pulse Conditions: width = 300 /us; duty cycle = 1%. 



Fig. 6 — Switching time test circuit and waveforms. 
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CA3140, CA3140A, CA3140B Types 

BiMOS Operational Amplifiers 


With MOS/FET Input, Bipolar Output 

The CA3140B, CA3140A, and CA3140 are 
integrated-circuit operational amplifiers that 
combine the advantages of high-voltage PMOS 
transistors with high-voltage bipolar tran- 
sistors on a single monolithic chip. Because 
of this unique combination of technologies, 
this device can now provide designers, for 
the first time, with the special performance 
features of the CA3130 COS/MOS opera- 
tional amplifiers and the versatility of the 
741 series of industry-standard operational 
amplifiers. 

The CA31 40, CA31 40A , and CA31 40 BiMOS 
operational amplifiers feature gate-protected 
MOS/FET (PMOS) transistors in the input 
circuit to provide very-high-input impedance, 
very-low-input current, and high-speed per- 
formance. The CA3140B operates at supply 
voltages from 4 to 44 volts; the CA3140A 
and CA3140 from 4 to 36 volts (either single 
or dual supply). These operational amplifiers 
are internally phase-compensated to achieve 
stable operation in unity-gain follower oper- 
ation, and, additionally, have access termi- 
nals for a supplementary external capacitor 
if additional frequency roll-off is desired. 
Terminals are also provided for use in appli- 
cations requiring input offset-voltage nulling. 
The use of PMOS field-effect transistors in 
the input stage results in common-mode in- 
put-voltage capability down to 0.5 volt below 


the negative-supply terminal, an important 
attribute for single-supply applications. The 
output stage uses bipolar transistors and in- 
cludes built-in protection against damage 
from load-terminal short-circuiting to either 
supply-rail or to ground. 

The CA31 40 Series has the same 8-lead termi- 
nal pin-out used for the "741" and other 
industry-standard operational amplifiers. They 
are supplied in either the standard 8-lead 
TO-5 style package (T suffix), or in the 8- 
lead dual-in-line formed-lead TO-5 style pack- 
age "DIL-CAN" (S suffix). The CA3140 is 
available in chip form (H suffix). The 
CA3140A and CA3140 are also available in 
an 8-lead dual-in-line plastic package (Mini- 
DIP-E suffix). The CA3140B is intended for 
operation at supply voltages ranging from 4 
to 44 volts, for applications requiring pre- 
mium-grade specifications and with electrical 
limits established for operations over the 
range from -55° C to + 1 25° C . The C A3 1 40A 
and CA3140 are for operation at supply volt- 
ages up to 36 volts (±18 volts). The CA3140 
ages up to 36 volts (±18 volts). All types can 
be operated safely over the temperature range 
from — 55°C to +125°C. 


Features: 

■ MOS/FET Input Stage 

(a) Very high input impedance (Z||\|) — 1.5 TO typ. 

(b) Very low input current (l|) — 10 pA typ. at ± 15 \ 

(c) Low input-offset voltage (V|o) — to 2 mV max. 

(d) Wide common-mode input-voltage range (V|qr) - 
can be swung 0.5 volt below negative 
supply-voltage rail 

(e) Output swing complements input common-mode 
range 

(f) Rugged input stage - bipolar diode protected 

■ Directly replaces industry type 741 in 

most applications 

■ Includes numerous industry operational 
amplifier categories such as general-pur- 
pose, FET input, wideband (high slew rate) 

■ Operation from 4-to-44 volts 
Single or Dual supplies 

■ Internally compensated 

■ Characterized for ± 15-volt operation 
and for TTL supply systems with 
operation down to 4 volts 

■ Wide bandwidth — 4.5 MHz unity 
gain at ± 15 V or 30 V; 3.7 MHz at 5 V 

■ High voltage-follower slew rate — 9 V/jlis 

■ Fast settling time — 1.4 >ns typ. 
to 10 mV with a 10-V p . p signal 

■ Output swings to within 0.2 volt 
of negative supply 

■ Strobable output stage 


MAXIMUM RATINGS, Absolute-Maximum Values: 

CA3140, CA3140A CA3140B 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V- TERMINALS) . . 36 V 44 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8V ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V+ +8 V) to (V~ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEATSINK - 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

WITH HEAT SINK - 

I Up to 55°C 1 W 

Above 55°C Derate linearly 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING (ALL TYPES) -55to+125°C 

STORAGE (ALL TYPES) -65to+150°C 

| OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ±0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +265°C 


* Short circuit may be applied to ground or to either supply. 


Applications: 

■ Ground-referenced single-supply amplifiers 
in automobile and portable instrumentation 

■ Sample and hold amplifiers 

■ Long-duration timers/multivibrators 
(microseconds— minutes— hours) 

■ Photocurrent instrumentation 

■ Peak detectors ■ Active filters 

■ Comparators 

■ Interface in 5 V TTL systems & other 
low-supply voltage systems 

■ All standard operational amplifier applications 

■ Function generators ■ Tone controls 

■ Power supplies ■ Portable instruments 

■ Intrusion alarm systems 




C A3 140 series. 
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CA3140, CA3140A, CA3140B Types 


TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 

V + = +15 V 
V“= -15 V 
T A = 25°C 

CA3140B 

(T,S) 

CA3140A 

(T.S.E) 

CA3140 

(T.S.E) 

UNITS 

Input Offset Voltage 
Adjustment Resistor 

— 
Typ. Value of Re- 
sistor Between 
Term. 4and 5 or 
4 and 1 to Adjust 
Max. V|o 

43 

18 

. 

4.7 

kft 

Input Resistance Rl 


1.5 

1,5 

1.5 

Tft 

Input Capacitance C| 


4 

4 

4 

P R 

Output Resistance RO 


60 

60 

60 

ft 

Equivalent Wideband 
Input Noise Voltage e n 

(See Fig. 39) 

BW = 140 kHz 
RS = 1 MQ 

48 

48 

48 

MV 

Equivalent Input 
Noise Voltage e n 

(See Fig. 10) 

f= 1 kHz 

R S = 
100 ft 

40 

40 

40 

n VA/S7 

f = 10 kHz 

12 

12 

12 

Short-Circuit Cur 
Opposite Supply 

rent to 

Source IOM + 


40 

40 

40 

mA 

Sink lQM _ 


18 

18 

18 

mA 

Gain-Bandwidth 
Product, (See Figs. 5 &I8) fT 


4.5 

4.5 

4.5 

MHz 

Slew Rate, (See Fig. 6) SR 


9 

9 

9 

V/jLtS 

Sink Current From Terminal 8 
To Terminal 4 to Swing 
Output Low 


220 

220 

220 

M A 

Transient Response: 
Rise Time 

R L = 2 kft 
C L = 100 pF 

0.08 

0.08 

0.08 

MS 

Overshoot (See Fig. 37) lf 

10 

10 

10 

% 

Settling Time 
at 1 0 Vp.p ( 
(See Fig. 17) 

1 mV t s 

R L = 2 kft 
Cl = 100 pF 
Voltage Follower 

4.5 

4.5 

4.5 


10 mV 

1.4 

1.4 

1.4 

MS 



Fig. 2 - Block diagram of CA31 40 series. 


CIRCUIT DESCRIPTION 

Fig. 2 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class AB amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 

A biasing circuit provides control of cascoded 
constant-current flow circuits in the first and 
second stages. The CA3140 includes an on- 
chip phase-compensating capacitor that is 
sufficient for the unity gain voltage-follow- 
er configuration. 

Input Stages — The schematic circuit diagram 
of the CA3140 is shown in Fig. 3. It con- 
sists of a differential-input stage using PMOS 
field-effect transistors (Q9, Q10) working 
into a mirror pair / of bipolar transistors (Q1 1 , 
Q12) functioning as load resistors together 
with resistors R2 through R5. The mirror- 
pair transistors also function as a differ n- 
tial-to-single-ended converter to provide base- 
current drive to the second-stage bipolar 
transistor (Q13). Offset nulling, when de- 
sired, can be effected with a 10-kft poten- 
tiometer connected across terminals 1 and 
5 and with its slider arm connected' to termi- 
nal 4. Cascode-connected bipolar transistors 
Q2, Q5 are the constant-current source for 
the input stage. The base-biasing circuit for 
the constant-current source is described sub- 
sequently. The small diodes D3, D4, D5 pro- 
vide gate-oxide protection against high-volt- 
age transients, e.g., static electricity. 

Second Stage - Most of the voltage gain in 
the CA3140 is provided by the second amp- 
lifier stage, consisting of bipolar transistor 
Q13 and its cascode-connected load resis- 
tance provided by bipolar transistors Q3, Q4. 
On-chip phase compensation, sufficient for 
a majority of the applications is provided by 
Cl. Additional Miller-Effect compensation 
(roll-off) can be accomplished, when de- 
sired, by simply connecting a small capa- 
citor between terminals 1 and 8. Terminal 
8 is also used to strobe the output stage into 
quiescence. When terminal 8 is tied to the 
negative supply rail (terminal 4) by mechani- 
cal or electrical means, the output terminal 6 
swings low, i.e., approximately to terminal 
4 potential. 

Output Stage — The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to comple- 
ment the capability of the PMOS input stage 
when operating near the negative rail. Quies- 
cent current in the emitter-follower cascade 
circuit (Q17, Q18) is established by tran- 
sistors (Q14, Q15) whose base-currents are 
"mirrored" to current flowing through diode 
D2 in the bias circuit section. When the 
CA3140 is operating such that output ter- 
minal 6 is sourcing current, transistor Q18 
functions as an emitter-follower to source 
current from the V+ bus (terminal 7), via 
D7, R9, and R11. Under these conditions, 
the collector potential of Q13 is suffi- 
ciently high to permit the necessary flow of 
base current to emitter follower Q17 which, 
in turn, drives Q18. 
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CA3140, C A 31 40 A, CA3140B Types 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V + = 15 V, V“ = 15 V, T a = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

LIMITS 

UNITS 

CA3140B 

CA3140A 

CA3140 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage, |V|o| 

- 

0.8 

2 

- 

2 

5 

- 

5 

15 

mV 

Input Offset Current, |l|ol 


0.5 

10 

- 

0.5 

20 

- 

0.5 

30 

PA 

Input Current, l| 

- 

10 

30 

- 

10 

40 

- 

10 

50 

PA 

Large-Signal 
Voltage Gain, Aql* 
(See Figs. 4,18) 

50 k 

100k 

- 

20 k 

100 k 

- 

20 k 

100 k 

- 

V/V 

94 

100 

- 

86 

100 

- 

86 

100 

- 

dB 

Common-Mode 
Rejection Ratio, CMRR 
(See Fig. 9) 

- 

20 

50 

- 

32 

320 

- 

32 

320 

mv/v 

86 

94 

- 

70 

90 

~ 

70 

90 

- 

dB 

Common-Mode 
Input-Voltage 
Range, V|CR 
(See Fig. 20) 

-15 

-15.5 

to 

+ 12.5 

12 

-15 

-15.5 

to 

+ 12.5 

12 

-15 

-15.5 

to 

+ 12.5 

11 

V 

Power-Supply 
Rejection AV|q/AV 

- 

- 

32 

100 

- 

100 

150 

- 

100 

150 

juV/V 

Ratio, PSRR 
(See Fig. 11) 

80 

90 


76 

80 

- 

76 

80 

- 

dB 

Max. Output 
Voltage" Vqm + 

+ 12 

13 

_ 

+ 12 

13 

_ 

+ 12 

13 

_ 

V 

(See Figs. 13,20) Vom“ 

-14 

-14.4 

- 

-14 

-14.4 

“ 

-14 

-14.4 

- 

Supply Current, 1 + 
(See Fig. 7 ) 

- 

4 

6 

- 

4 

6 

- 

4 

6 

mA 

Device Dissipation, Pq 

- 

120 

180 

- 

120 

180 

- 

120 

180 

mW 

Input Current, l| A 
(See Fig. 19) 

- 

10 

30 

- 

10 

- 

- 

10 

; 


nA 

Input Offset 
Voltage |V|qI a 

- 

1.3 

3 

- 

3 

- 

- 

i° 

- 

mV 

Input Offset Voltage 
Temp. Drift, AV|q/AT 

- 

5 

- 

- 

6 

- 

- 

8 

- 

MV/°C 

Large -Signal 
Voltage Gain, Aol a 
(S ee Figs.4,18) 

20 k 

100 k 

_ 

_ 

100 k 

_ 

_ 

100 k 

_ 

V/V 

86 

100 

- 

- 

100 

- 

- 

100 

- 

dB 

Max. Output VoM + 

+ 19 

+ 19.5 

- 

- 

- 

- 

- 

- 

- 

V 

Voltage,* VoM“ 

-21 

-21.4 

- 

- 

- 

- 

- 


- 

Large -Signal 
Voltage Gain, Aql** 

20 k 

50 k 

- 

- 

- 

- 

- 

- 

- 

V/V 

86 

94 


- 

- 

- 

- 

- 

- 

dB 


• At V 0 = 26V p .p, +12V, -14V and R L = 2 kO. ■ At R L = 2 kfl. 

A At T A = — 55°C to +125°C, V+ = 15 V, V~ = 15 V, V 0 - 26V p . p , R L = 2 kft. 

* At Vq = +19 V, -21 V, and Rl = 2 kft. * At V + = 22 V, V~ = 22 V. 


When the CA3140 is operating such that 
output terminal 6 is sinking current to the 
V— bus, transistor Q16 is the current-sinking 
element. Transistor Q16 is mirror-connected 
to D6, R7, with current fed by way of Q21, 
R12, and Q20. Transistor Q20, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
is controlled by voltage-level sensing. For 
purposes of explanation, it is assumed that 
output terminal 6 is quiescently established 
at the potential mid-point between the V+ 
and V- supply rails. When output-current 
sinking-mode operation is required, the col- 
lector potential of transistor Q13 is driven 
below its quiescent level, thereby causing 
Q17, Q18 to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor Q21 is displaced toward the V— bus, 
thereby reducing the channel resistance of 
Q21. As a consequence, there is an incre- 
mental increase in current flow through 
Q20, R12, Q21 , D6, R7, and the base of 
Q16. As a result, Q16 sinks current from 
terminal 6 in direct response to the incre- 
mental change in output voltage caused by 
Q18. This sink current flows regardless of 
load; any excess current is internally supplied 
by the emitter-follower Q18. Short-circuit 
protection of the output circuit is provided 
by Q19, which is driven into conduction by 
the high voltage drop developed across R11 
under output short-circuit conditions. Under 
these conditions, the collector of Q19 di- 
verts current from Q4 so as to reduce the 
base-current drive from Q17, thereby limit- 
ing current flow in Q18 to the short-cir- 
cuited load terminal. 

Bias Circuit — Quiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in Rl. The function of the bias cir- 
cuit is to establish and maintain constant- 
current flow through D1, Q6, Q8 and D2. 
D1 is a diode-connected transistor mirror- 
connected in parallel with the base-emitter 
junctions of Ql, Q2, and Q3. D1 may be 
considered as a current-sampling diode that 
senses the emitter current of Q6 and auto- 
matically adjusts the base current of Q6 
(via Ql) to maintain a constant current 
through Q6, Q8, D2. The base-currents in 
Q2, Q3 are also determined by constant- 
current flow D1. Furthermore, current in 
diode-connected transistor D2 establishes the 
currents in transistors Q14 and Q15. 
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CA3140, CA3140A, CA3140B Types 



TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 
At V+ = 5 V, V- = 0 V, T A = 25°C 


CHARACTERISTIC 

CA3140B 

(T,S) 

CA3140A 

(T.S.E) 

CA3140 

(T.S.E) 

UNITS 

Input Offset Voltage 

|V|Ol 

0.8 

2 

5 

mV 

Input Offset Current 

l'io| 

0.1 

0.1 

0.1 

PA 

Input Current l| 

2 

2 

2 

pA 

Input Resistance 

1 

1 

1 

TH 

Large-Signal Voltage Gain 

AOL 

100 k 

100 k 

100 k 

V/V 

(See Figs. 4, 18) 


100 

100 

100 

dB 

Common-Mode Rejection Ratio, 

CMRR 

20 

32 

32 

/iV/V 



94 

90 

90 

dB 

Common-Mode Input-Voltage Range 

V(CR 

-0.5 

-0.5 

-0.5 

y 

(See Fig. 20) 


2.6 

2.6 

2.6 


Power-Supply Rejection Ratio AV|q/AV + 

32 

100 

100 

MV/V 



90 

80 

80 

dB 

Maximum Output Voltage 

V0M + 

3 

3 

3 

y 

(See Figs. 13,20) 

VOM - 

0.13 

0.13 

0.13 


Maximum Output Current: 






Source 

•OM + 

10 

10 

10 

mA 

Sink 

|QM~ 

1 

1 

1 

Slew Rate (See Fig.6) 

7 

7 

7 

V//iS 

Gain-Bandwidth Product (See Fig. 5) 

fT 

3.7 

3.7 

3.7 

MHz 

Supply Current (See Fig. 7) 

1 + 

1.6 

1.6 

1.6 

mA 

Device Dissipation 

PD 

8 

8 

8 

mW 

Sink Current from Term. 8 to 
Term. 4 to Swing Output Low 

200 

200 

200 

iuA 





Fig. 4 — Open-loop voltage gain vs supply voltage 
and temperature. 





Fig. 5 — Gain-bandwidth product vs supply voltage 
and temperature. 



Fig.6 — Slew rate vs supply voltage andtemperature. 



and temperature. 
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CA3140, CA3140A, CA3140B Types 



92CS-27908 


Fig.8 — Maximum output voltage swing 
frequency. 



Fig. 9 - Common-mode rejection ratio 
vs frequency. 



Fig. 10 — Equivalent input noise voltage 
vs frequency. 


APPLICATIONS CONSIDERATIONS 

Wide dynamic range of input and output 
characteristics with the most desirable high 
input-impedance characteristic is achieved in 
the CA3140 by the use of an unique design 
based upon the PMOS-Bipolar process. Input- 
common-mode voltage range and output- 
swing capabilities are complementary, allow- 
ing operation with the single supply down 
to four volts. 

The wide dynamic range of these parameters 
also means that this device is suitable for 
many single-supply applications, such as, 
for example, where one input is driven be- 
low the potential of terminal 4 and the 
phase sense of the output signal must be 
maintained — a most important considera- 
tion in comparator applications. 

OUTPUT CIRCUIT CONSIDERATIONS 

Excellent interfacing with TTL circuitry is 
easily achieved with a single 6.2-volt zener 
diode connected to terminal 8 as shown in 
Fig. 12. This connection assures that the 
maximum output signal swing will not go 
more positive than the zener voltage minus 
two base-to-emitter voltage drops within the 
CA3140. These voltages are independent 
of the operating supply voltage. 


v + 

5 TO 36V 



Fig. 12 — Zener clamping diode connected to 
terminals 8 and 4 to limit CA3140 
output swing to TTL levels. 


Fig. 13 shows output current-sinking capa- 
bilities of the CA3140 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to oper- 
ate both power transistors and thyristors 
directly without the need for level-shifting 
circuitry usually associated with the 741 
series of operational amplifiers. 



92CS-279II 


Fig. 11 - Power supply rejection ratio 
vs frequency. 



92CS-279U 


Fig. 13 — Voltage across output transistors Q1S 
and Q16 vs toad current. 


Fig. 16 show some typical configurations. 
Note that a series resistor, R l, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated 
circuit. 



Fig. 14 — Typical incremental offset-voltage 
shift vs operating life. 


OFFSET-VOLTAGE NULLING 

The input-offset voltage can be nulled by 
connecting a 10-kS"2 potentiometer between 
terminals 1 and 5 and returning its wiper arm 
to terminal' 4, see Fig.1 5a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable por- 
tion of the potentiometer rotation is not 
fully utilized. Typical values of series re- 
sistors that may be placed at either end of 
the potentiometer, see Fig.1 5b, to optimize 
its utilization range are given in the table 
"Typical Electrical Characteristics" shown 
in this bulletin. 

An alternate system is shown in Fig.1 5c. This 
circuit uses only one additional resistor of 
approximately the value shown in the table. 
For potentiometers, in which the resistance 
does not drop to zero ohms at either end of 
rotation, a value of resistance 10% lower 
than the values shown in the table should 
be used. 

LOW-VOLTAGE OPERATION 

Operation at total supply voltages as low as 
4 volts is possible with the CA3140. A cur- 
rent regulator based upon the PMOS thres- 
hold voltage maintains reasonable constant 
operating current and hence consistent per- 
formance down to these lower voltages. 

The low-voltage limitation occurs when the 
upper extreme of the input common-mode 
voltage range extends down to the voltage at 
terminal 4. This limit is reached at a total 
supply voltage just below 4 volts. The out- 
put voltage range also begins to extend down 
to the negative supply rail, but is slightly 
higher than that of the input. Fig.20 shows 
these characteristics and shows that with 
2-volt dual supplies, the lower extreme of the 
input common-mode voltage range is below 
ground potential. 
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CA3140, CA3140A, CA3140B Types 



RESOLUTION 

Fig. 15 — Three offset-voltage nulling methods. 


92CS-27914 



Fig. 16 - Methods of utilizing the VQ^(sat) sinking- 
current capability of the CA3140 series. 


BANDWIDTH AND SLEW RATE 

For those cases where bandwidth reduction 
is desired, for example, broadband noise re- 
duction, an external capacitor connected be- 
tween terminals 1 and 8 can reduce the open- 
loop —3 dB bandwidth. The slew rate will, 
however, also be proportionally reduced by 
using this additional capacitor. Thus, a 20% 
reduction in bandwidth by this technique 
will also reduce the slew rate by about 20%. 

Fig. 17 shows the typical settling time re- 
quired to reach 1 mV or 10 mV of the final 
value for various levels of large signal in- 
puts for the voltage-follower and inverting 
unity-gain amplifiers. The exceptionally 
fast settling time characteristics shown in 
F ig. 1 8 are largely due to the high combina- 
tion of high gain and wide bandwidth of 
the CA3140. 

INPUT CIRCUIT CONSIDERATIONS 

As mentioned previously, the amplifier in- 
puts can be driven below the terminal 4 
potential, but a series current-limiting re- 
sistor is recommended to limit the maximum 
input terminal current to less than 1 mA to 
prevent damage to the input protection 
circuitry. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3140 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 



FOLLOWER 



INVERTING 


5 kft 



(b) TEST CIRCUITS 


Fig. 17 — Input voltage vs settling time . 

tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-k£2 resistor is sufficient. 

The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. As the output supplies 


load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig. 19 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3140. 

It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 

Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. Fig. 14 shows the 
typical offset voltage change as a function of 
various stress voltages at the maximum rating 
of 125°C (for TO-5); at lower temperatures 
(TO-5 and plastic), for example, at 85°C, 
this change in voltage is considerably less. 
In typical linear applications, where the 
differential voltage is small and symmetircal, 
these incremental changes are of about the 
same magnitude as those encountered in an 
operational amplifier employing a bipolar a 
transistor input stage. 

SUPER SWEEP FUNCTION GENERATOR 

A function generator having a wide tuning 
range is shown in Fig. 21. The 1,000,000/1 
adjustment range is accomplished by a single 
variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a 
non-inverting read-out amplifier of the tri- 



Fig. 18 — Open-loop voltage gain and phase lag 
vs frequency. 
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Fig. 19 — Input current vs ambient 
temperature. 
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CA3140, CA3140A, CA3140B Types 


angular signal developed across the integra- 
ting capacitor network connected to the 
output of the CA3080A current source. 
Buffered triangular output signals are then 
applied to a second CA3080 functioning as 
a high-speed hysteresis switch. Output from 
the switch is returned directly back to the 



O 5 10 15 20 25 


SUPPLY VOLTAGE (V + , V*) — VOLTS 

92CM - 2 7920RI 

Pig. 20 - Output-voltage-swing capability and 
common-mode input-voltage range 
vs supply voltage and temperature. 

input of the CA3080A current source, there- 
by, completing the positive feedback loop. 
The triangular output level is determined by 
' the four 1N914 level-limiting diodes of the 

second CA3080 and the resistor-divider net- 
work connected to terminal No. 2 (input) of 
the CA3080. These diodes establish the in- 
put trip level to this switching stage and, 
t therefore, indirectly determine the ampli- 

tude of the output triangle. 

Compensation for propagation delays around 
r the entire loop is provided by one adjust- 

ment on the input of the CA3080. This 
j- adjustment, which provides for a constant 
generator amplitude output, is most easily 
made while the generator is sweeping. High- 
frequency ramp linearity is adjusted by the 
t single 7-to-60 pF capacitor in the output of 

the CA3080A. 

It must be emphasized that only the CA- 
3080A is characterized for maximum output 
linearity in the current-generator function. 

METER DRIVER AND 
BUFFER AMPLIFIER 

Fig. 22 shows the CA3140 connected as a 
meter driver and buffer amplifier. Low 
driving impedance is required of the CA- 
3080A current source to assure smooth 
operation of the Frequency Adjustment 



Control. This low-driving impedance re- 
quirement is easily met by using a CA3140 
connected as a voltage follower. More- 
over, a meter may be placed across the 
input to the CA3080A to give a logarithmic 
analog indication of the function generators 
frequency. 

Analog frequency readout is readily accom- 
plished by the means described above be- 
cause the output current of the CA3080A 
varies approximately one decade for each 
60-mV change in the applied voltage, VabC 
(voltage between terminals 5 and 4 of the 
CA3080A of the function generator). There- 
fore, six decades represent 360-mV change 
in VABC- 

Now, only the reference voltage must be 
established to set the lower limit on the 
meter. The three remaining transistors from 


the CA3086 Array used in the sweep gener- 
ator are used for this reference voltage. In 
addition, this reference generator arrange- 
ment tends to track ambient temperature 
variations, and thus compensates for the ef- 
fects of the normal negative temperature 
coefficient of the CA3080A VabC termi- 
nal voltage. 

Another output voltage from the reference 
generator is used to insure temperature 
tracking of the lower end of the Frequency 
Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring 
similar temperature coefficients at both ends 
of the Frequency Adjustment Control. 

To calibrate this circuit, set the Frequency 
Adjustment Potentiometer at its low end. 
Then adjust the Minimum Frequency Calibra- 
tion Control for the lowest frequency. To 
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Fig. 23 — Sine-wave shaper. 

potentiometer connected between terminals 
2 and 6 of the CA3140 and the 9.1-k£2 re- 
sistor and 10-k£2 potentiometer from termi- 
nal 2 to ground. Two break points are es- 
tablished by diodes Di through D4. Positive 
feedback via D5 and D6 establishes the zero 
slope at the maximum and minimum levels 
of the sine wave. This technique is neces- 
sary because the voltage-follower configu- 
ration approaches unity gain rather than the 
zero gain required to shape the sine wave at 
the two extremes. 

This circuit can be adjusted most easily with 
a distortion analyzer, but a good first approxi- 
mation can be made by comparing the output 
signal with that of a sine-wave generator. The 
initial slope is adjusted with the poten- 
tiometer R -j , followed by an adjustment of 
R2. The final slope is established by ad- 
justing R3, thereby adding additional seg- 
ments that are contributed by these diodes. 
Because there is some interaction among 
these controls, repetition of the adjustment 
procedure may be necessary 

SWEEPING GENERATOR 

Fig. 24 shows a sweeping generator. Three 
CA3140's are used in this circuit. One 
CA3140 is used as an integrator, a second 
device is used as a hysteresis switch that 
determines the starting and stopping points 
of the sweep. A third CA3140 is used as a 
logarithmic shaping network for the log 
function. Rates and slopes, as well as saw- 
tooth, triangle, and logarithmic sweeps are 
generated by this circuit. 


establish the upper frequency limit, set the 
Frequency Adjustment Potentiometer to its 
upper end and then adjust the Maximum 
Frequency Calibration Control for the maxi- 
mum frequency. Because there is inter- 
action among these controls, repetition of 
the adjustment procedure may be necesary. 
Two adjustments are used for the meter. 
The meter sensitivity control sets the meter- 
scale width of each decade, while the meter 
position control adjusts the pointer on the 
scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity ad- 


justment control calibrates the meter so 
that it deflects 1,6 of full scale for each de- 
cade change in frequency. 

SINE-WAVE SHAPER 

The circuit shown in Fig. 23 uses a CA3140 
as a voltage follower in combination with 
diodes from the CA3019 Array to convert 
the triangular signal from the function gen- 
erator to a sine-wave output signal having ty- 
pically less than 2% THD. The basic zero- 
crossing slope is established by the 10-k£2 


WIDEBAND OUTPUT AMPLIFIER 

Fig. 25 shows a high-slew-rate, wideband am- 
plifier suitable for use as a 50-ohm trans- 
mission-line driver. This circuit, when used 
in conjunction with the function generator 
and sine-wave shaper circuits shown in Figs. 
21 and 23 provides 18 volts peak-to-peak 
output open-circuited, or 9 volts peak-to-peak 
output when terminated in 50 ohms. The 
slew rate required of this amplifier is 28 
volts/jus (18 volts peak-to-peak x jt x 0.5 
MHz). 
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Fig. 25 — Wideband output amplifier. 


POWER SUPPLIES 

High input-impedance, common-mode capa- 
bility down to the negative supply and high 
output-drive current capability are key fac- 
tors in the design of wide-range output-volt- 
age supplies that use a single input voltage 
to provide a regulated output voltage that 
can be adjusted from essentially 0 to 24 volts. 
Unlike many regulator systems using com- 
parators having a bipolar transistor-input 
stage, a high-impedance reference-voltage di- 
vider from a single supply can be used in con- 
nection with the CA3140 (see Fig. 26). 





Fig. 26 — Basic single-supply voltage regulator 

showing voltage-follower configuration. 

Essentially, the regulators, shown in Figs. 
27 and 28, are connected as non-inverting 
power operational amplifiers with a gain of 
3.2. An 8-volt reference input yields a 
maximum output voltage slightly greater 
than 25 volts. As a voltage follower, when 
the reference input goes to 0 volts the 
output will be 0 volts. Because the off- 
set voltage is also multiplied by the 3.2 
gain factor, a potentiometer is needed to 
null the offset voltage. 

Series pass transistors with high IcBO levels 
will also prevent the output voltage from 
reaching zero because there is a finite voltage 
drop (Vrgsat) across the output of the 
CA3140 (see Fig. 13). This saturation volt- 
age level may indeed set the lowest volt- 
age obtainable. 

The high impedance presented by terminal 
8 is advantageous in effecting current limit- 
ing. Thus, only a small signal transistor is 



Fig. 27 - Regulated power supply. 


required for the current-limit sensing amp- 
lifier. Resistive decoupling is provided for 
this transistor to minimize damage to it or 
the CA3140 in the event of unusual input or 
output transients on the supply-rail. 

Figs. 27 and 28, show circuits in which a 
D2201 high-speed diode is used for the 
current sensor. This diode was chosen for its 
slightly higher forward-voltage drop charac- 
teristic thus giving greatersensitivity.lt must 
be emphasized that heat sinking of this 
diode is essential to minimize variation of the 
current trip point due to internal heating of 
the diode. That is, 1 ampere at 1 volt 
forward drop represents one watt which 
can result in significant regenerative changes 
in the current trip point as the diode tem- 
perature rises. Placing the small-signal refer- 
ence amplifier in the proximity of the cur- 
rent-sensing diode also helps minimize the 
variability in the trip level due to the nega- 
tive temperature coefficient of the diode. 


In spite of those limitations, the current 
limiting point can easily be adjusted over 
the range from 10 mA to 1 ampere with a 
single adjustment potentiometer. If the 
temperature stability of the current-limiting 



Fig. 28 — Regulated power supply with 
"foldback" current limiting. 



(a) 

SUPPLY TURN-ON AND TURN-OFF 
CHARACTERISTICS 
( 5 VOLTS /DIV AND -I s/DIV.) 

92CS-27882 



(b) 

TRANSIENT RESPONSE 
TOP TRACE : OUTPUT VOLTAGE 

( 200 mV/DIV AND S^s/DIV) 

BOTTOM TRACE COLLECTOR OF LOAD 
SWITCHING TRANSISTOR, 

LOAD * I AMPERE 
(5V0LTS/DIV AND5 m s/DIV) 

92CS- 27881 

Fig. 29 - Waveforms of dynamic characteristics 
of power supply currents shown 
in Figs. 29 and 30. 
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system is a serious consideration, the more 
usual current-sampling resistor-type of cir- 
cuitry should be employed. 

A power Darlington transistor (in a heat 
sink TO-3 case), is used as the series-pass 
element for the conventional current-limiting 
system, Fig. 27, because high-power Dar- 
lington dissipation will be encountered at 
low output voltage and high currents. 

A small heat-sink VERSAWATT transistor is 
used as the series-pass element in the fold- 
back current system, Fig. 28, since dissi- 
pation levels will only approach 10 watts. 
In this system, the D2201 diode is used for 
current sampling. Foldback is provided by 
the 3 k £7 and 100 kft divider network con- 
nected to the base of the current-sensing 
transistor. 

Both regulators, Figs. 27 and 28 , provide 
better than 0.02% load regulation. Because 
there is constant loop gain at all voltage set- 
tings, the regulation also remains constant. 
Line regulation is 0.1% per volt. Hum and 
noise voltage is less than 200 /iV as read 
with a meter having a 10-MHz bandwidth. 
Fig. 31 (a) shows the turn ON and turn OFF 
characteristics of both regulators. The slow 
turn-on rise is due to the slow rate of rise 
of the reference voltage. Fig. 29 (b) shows 
the transient response of the regulator with 
the switching of a 20-£2 load at 20 volts out- 
put. 


TONE CONTROL CIRCUITS 

High-slew-rate, wide-bandwidth, high-output 
voltage capability and high input impedance 
are all characteristics required of tone-con- 
trol amplifiers. Two tone control circuits 
that exploit these characteristics of the 
CA3140 are shown in Figs. 30 and 31. 

The first circuit, shown in Fig. 31, is the 
Baxandall tone-control circuit-which provides 
unity gain at midband and uses standard 
linear potentiometers. The high input im- 
pedance of the CA3140 makes possible the 
use of low-cost, low-value, small-size capaci- 
tors, as well as reduced load of the driving 
stage. 

Bass treble boost and cut are ± 15 dB at 
100 Hz and 10 kHz, respectively. Full 
peak-to-peak output is available up to at 
least 20 kHz due to the high slew rate of the 
CA3140. The amplifier gain is -3 dB down 
from its "flat” position at 70 kHz. 

Fig. 30 shows another tone-control circuit 
with similar boost and cut specifications. 
The wideband gain of this circuit is equal to 
the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20-dB 
boost and cut, the input loading of this cir- 
cuit is essentially equal to the value of the 
resistance from terminal No. 3 to ground. 
A detailed analyois of this circuit is given in 
"An 1C Operational Transconductance Amp- 
lifier (OTA) With Power Capability” by 
L, Kaplan and H. Wittlinger, IEEE Trans- 
actions on Broadcast and Television Re- 
ceivers, Vol. BTR-18, No. 3, August, 1972. 
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Fig. 30 — Tone control circuit using CA3 130 series 
(20-dB midband gain). 



Fig. 31 - Baxandall tone control circuit using 
CA3140 series. 


WIEN BRIDGE OSCILLATOR 

Another application of the CA3140 that 
makes excellent use of its high input-imped- 
ance, high-slew-rate, and high-voltage quali- 
ties is the Wien Bridge sine-wave oscillator. 
A basic Wien Bridge oscillator is shown in 
Fig. 32. When Ri = R 2 = R and Ci = C 2 = C, 
the frequency equation reduces to the fa- 
miliar f = 1 /2 7T RC and the gain required for 
oscillation, Aosc is equal to 3. Note that 
if C 2 is increased by a factor of four and R 2 
is reduced by a factor of four, the gain re- 
quired for oscillation becomes 1.5, thus per- 
mitting a potentially higher operating fre- 
quency closer to the gain-bandwidth pro- 
duct of the CA3140. 

Oscillator stabilization takes on many forms. 
It must be precisely set, otherwise the am- 
plitude will either diminish or reach some 
form of limiting with high levels of distor- 
tion. The element, R s , is commonly re- 
placed with some variable resistance element. 
Thus, through some control means, the value 
of R s is adjusted to maintain constant oscil- 


lator output. A FET channel resistance, a 
thermistor, a lamp bulb, or other device 
whose resistance is made to increase as the 
output amplitude is increased are a few of 
the elements often utilized. 



92CS-27933 

Fig. 32 - Basic Wien bridge oscillator circuit 
using an operational amplifier. 

Fig. 33 shows another means of stabilizing 
the oscillator with a zener diode shunting 
the feedback resistor (Rf of Fig. 32). As 
the output signal amplitude increases, the 
zener diode impedance decreases resulting 
in more feedback with consequent reduction 
in gain; thus stabilizing the amplitude of the 
output signal. Furthermore, this combina- 
tion of a monolithic zener diode and bridge 
rectifier circuit tends to provide a zero tem- 
perature coefficient for this regulating sys- 
tem. Because this bridge rectifier system 
has no time constant, i.e., thermal time con- 
stant for the lamp bulb, and RC time con- 
stant for filters often used in detector net- 
works, there is no lower frequency limit. 
For example, with 1-/iF polycarbonate capa- 
citors and 22 M£2 for the frequency deter- 
mining network, the operating frequency is 
0.007 Hz. 

As the frequency is increased, the output 
amplitude must be reduced to prevent the 
output signal from becoming slew-rate limi- 
ted. An output frequency of 180 kHz will 
reach a slew rate of approximately 9 volts/ 
/is when its amplitude is 16 volts peak-to- 
peak. 
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Fig. 33 — Wien bridge oscillator circuit using 
C A3 140 series. 


SIMPLE SAMPLE-AND-HOLD SYSTEM 

Fig. 34 shows a very simple sample-and-hold 
system using the CA3140 as the readout 
amplifier for the storage capacitor. The 
CA3080A serves as both input buffer amp- 
lifier and low feed-through transmission 
switch.* System offset nulling is accom- 
plished with the CA3140 via its offset 
nulling terminals. A typical simulated load 
of 2 k£2 and 30 pF is shown in the schematic. 

In this circuit, the storage compensation 
capacitance (C-|) is only 200 pF. Larger 
value capacitors provide longer "hold" periods 
but with slower slew rates. The slew rate 
dv i 

•— =— = 0.5 mA/200 pF = 2.5 V/jus. 
dt c 


* ICAN-6668 "Applications of the CA3080 
and CA3080A High-Performance Oper- 
ational Transconductance Amplifiers". 

0—1 f— | r- SAMPLE 


-15 U U H0LD 



Fig. 34 — Sample- and hold circuit. 


Pulse "droop" during the hold interval is 
170 pA/200 pF which is = 0.85 juV/jtis; 
(i.e., 170 pA/200 pF). In this case, 170 pA 
represents the typical leakage current of 
the CA3080A when strobed off. If Ci were 
increased to 2000 pF, the "hold-droop" rate 


will decrease to 0.085 juV/jus, but the slew rate 
would decrease to 0.25 V/jus. The parallel 
diode network connected between terminal 
3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input-signal feed- 
through across the input terminals of the 
CA3080A to the 200 pF storage capacitor 
when the CA3080A is strobed off. Fig. 35 
shows dynamic characteristic waveforms of 
this sample-and-hold system. 



TOP TRACE •• OUTPUT 

( 50 mV/DIV. AND 200n»/DIV.) 

BOTTOM TRACE' INPUT 

(50 mV/DIV. AND 200 ns/DIV.) 

92CS-27883 



LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 
TOP TRACE : OUTPUT SIGNAL 

(5 V/DIV. AND 2>ts/DIV.) 

BOTTOM TRACE: INPUT SIGNAL 

( 5V/DIV AND 2 /is/DIV. ) 

CENTER TRACE '.DIFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7AI3 

( 5m V/DIV. AND 2fis/DIV. ) 92CS- 27884 



SAMPLING RESPONSE 
TOP TRACE : SYSTEM OUTPUT 

(100 mV/DIV. AND 500 ns/DIV ) 

BOTTOM TRACE ■ SAMPLING SIGNAL 

( 20 V/DIV. AND 500 ns/ DIV. ) 

92CS-27885 

Fig. 35 — Sample- and hold system dynamic 
characteristics waveforms. 


CURRENT AMPLIFIER 

The low input-terminal current needed to 
drive the CA3140 makes it ideal for use in 
current-amplifier applications such as the one 
shown in Fig. 36.* In this circuit, low cur- 
rent is supplied at the input potential as the 
power supply to load resistor R|_. This load 
current is increased by the multiplication 
factor R2/R1, when the load current is 
monitored by the power supply meter M. 
Thus, if the load current is 100 nA, with 
values shown, the load current presented 
to the supply will be 100 jitA; a much easier 
current to measure in many systems. 

Note that the input and output voltages are 
transferred at the same potential and only 
the output current is multiplied by the 
scale factor. 

The dotted components show a method of 
decoupling the circuit from the effects of 
high output-load capacitance and the poten- 
tial oscillation in this situation. Essentially, 
the necessary high-frequency feedback is 
provided by the capacitor with the dotted 
series resistor providing load decoupling. 



Fig. 36 - Basic current amplifier for low-current 
measurement systems. 


Fig. 37 shows a single-supply, absolute-value, 
ideal full-wave rectifier with associated wave- 
forms. During positive excursions, the input 
signal is fed through the feedback network 
directly to the output. Simultaneously, the 
positive excursion of the input signal also 
drives the output terminal (No. 6) of the in- 
verting amplifier in a negative-going excur- 
sion such that the s 1N914 diode effectively 
disconnects the amplifier from the signal 
path. During a negative-going excursion of 
the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal 
to — R2/R1. When the equality of the two 
equations shown in Fig. 37 is satisfied, the 
full-wave output is symmetrical. 


• "Operational Amplifiers Design and Ap- 
plications", J. G. Graeme, McGraw-Hill 
Book Company, page 308 - "Negative 
I mmittance Converter Circuits". 
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Fig. 37 — Single-supply, absolute-value, ideal full-wave rectifier with associated waveforms. 




TOP TRACE JOUTPUT SIGNAL 

(5V/DIV. AND 5^s/DIV) 


CENTER TRACE: DIFFERENCE SIGNAL 
(5m V/DIV- AND 5^s/DIV) 

BOTTOM TRACE '• INPUT SIGNAL 
(5V/DIV. AND 5^s/DIV) 

(b) INPUT- OUTPUT DIFFERENCE SIGNAL 

SHOWING SETTLING TIME (MEASUREMENT 
MADE WITH TEKTRONIX 7AI3 DIFFERENTIAL 


AMPLIFIER ) 


92CS- 27880 


Fig. 38 - Split-supply voltage-follower test circuit and associated waveforms. 
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CA3141E 


High-Voltage Diode Array 

For Commercial, Industrial, and Military Applications 
Features: 

■ Matched monolithic construction — Vp for each diode pair 
matched to within 0.55 mV (typ.) at Ip = 1 mA 

■ Low diode capacitance - 0.3 pF (typ.) at V R = 2 V 

■ High diode-to-substrate breakdown voltage — 30 V (min.) 

■ Low reverse (leakage) current — 100 nA (max.) 


Applications: 

■ Balanced modulators or demodulators 

■ Analog switches 

■ High-voltage diode gates 

■ Current ratio detectors 



92CS- 2717 J 


Fig. 1 - Terminal assignment. 


The RCA-CA3141 E High-Voltage Diode Ar- 
ray consists of ten general-purpose high- 
reverse-breakdown diodes. Six diodes are 
internally connected to form three common- 
cathode diode pairs, and the remaining four 
diodes are internally connected to form two 
common-anode diode pairs. Integrated cir- 
cuit construction assures excellent static and 
dynamic matching of the diodes, making the 
CA3141 E extremely useful for a wide variety 
of applications in communications and 
switching systems. 

The CA3141E is supplied in the 16-lead 
dual-in-line plastic package (E suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute Maximum Values 

PEAK INVERSE VOLTAGE (PIV) 

PEAK DIODE-TO-SUBSTRATE VOLTAGE 

PEAK FORWARD SURGE CURRENT (l F (SURGE)] 

DC FORWARD CURRENT (l F ) 

DISSIPATION: 

Any one diode unit . 

Total Package: 

Up to 55°C 

For T a > 55° C 

AMBIENT TEMPERATURE RANGE: 

Operating . 

Storage 

LEAD TEMPERATURE (During Soldering) : 

At distance 1/16± 1/32 inch (1.59 ±0.79 mm) from case for 10s max. 


30 V 

30 V 

100 mA 

25 mA 

50 mW 

650 mW 

Derate linearly at 6.67 mW / C 

—55 to +125°C 
. . . . —65 to +150°C 

. +265°C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

DC Forward Voltage Drop, Vp 

Ip (Anode) 100 juA 

- 

0.7 

0.9 

V 

1 mA 

- 

0.78 

1 

10 mA 

- 

0.93 

1.2 

DC Reverse Breakdown 
Voltage, V (BR)R 

l F = -10/uA 

30 

50 

_ 

V 

DC Breakdown Voltage Between 
Any Diode and Substrate, 
V (BR)DI 

. 

1 D 1 = TO MA 

30 

50 

- 

V 

DC Reverse (Leakage) Current,! R 

Vp = —20 V 

- 

- 

100 

nA 

DC Reverse (Leakage) Current 
Between Any Diode and 
Substrate, Iq| 

V D( = 20 V 

- 

- 

100 

nA 

Magnitude of Diode Offset 
Voltage Between Diode Pairs 

V D( = 20 V 
lp A = 1 mA 

_ 

0.55 

- 

mV 

Temperature Coefficient of 
Forward Voltage Drop, 
AVp/AT 

Ip = 1mA 

- 

-1.5 

- 

mV/°C 

Reverse Recovery Time, t rr 

Ip = 2 mA, l R = 2 mA 

- 

50 

- 

ns 

Diode Capacitance, Cq 


See Fig. 5 

PF 

Diode Anode-to-Substrate 
Capacitance, Cq A j 


See Fig. 6 

PF 

Diode Cathode-to-Substrate 
Capacitance, Cqq| 


See Fig. 7 

PF 

Magnitude of Cathode-to-Anode 
Current Ratio, 1 1 FC^* F A^ 

lp A = 1 mA, V DS = 10 V 

0.9 

0.96 

- 




Fig. 2 - DC forward voltage drop vs. 
forward current. 



Fig. 3 — DC forward voltage drop vs. 
ambient temperature. 
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CA3160, CA3160A, CA3160B Types 
BiMOS Operational Amplifiers 

With MOS/FET Input, COS/MOS Output 


The RCA-CA3160T, CA3160S, CA3160E; 
CA3160AT, CA3160AS, CA3160AE; and 
CA3160BT, CA3160BS are integrated-cir- 
cuit operational amplifiers that combine the 
advantages of both COS/MOS and bipolar 
transistors on a monolithic chip. The CA3160 
series circuits are frequency-compensated 
versions of the popular CA3130 series. 

Gate-protected p-channel MOS/FET (PMOS) 
transistors are used in the input circuit to 
provide very-high-input impedance, very-low- 
input current, and exceptional speed per- 
formance. The use of PMOS field-effect 
transistors in the input stage results in 
common-mode input-voltage capability down 
to 0.5 volt below the negative-supply ter- 
minal, an important attribute in single-supply 
applications. 

A complementary-symmetry MOS (COS/ 
MOS) transistor-pair, capable of swinging 
the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very 
high values of load impedance), is employed 
as the output circuit. 

The CA31 60 Series circuits operate at supply 
voltages ranging from 5 to 16 volts, or +2.5 
to +8 volts when using split supplies, and have 
terminals for adjustment of offset voltage 
for applications requiring offset-null capa- 


bility. Terminal provisions are also made to 
permit strobing of the output stage. 

The CA3160 series is supplied in standard 
8-lead TO-5-style packages (T suffix) and 
8-lead dual-in-line formed-lead TO-5 style 
"D I L-CAN " packages (S suffix). The CA3 1 60 
is available in chip form (H suffix). 

TheCA3160A and CA3160 are also available 
in the 8-lead dual-in-line plastic package 
(Mini-DIP-E suffix). All types operate over 
the full military-temperature range of — 55° C 
to +125°C. The CA3160B is intended for 
applications requiring preminium-grade speci- 
fications and with limits established for: 
input current, temperature coefficient of 
input-offset voltage, and gain over the range 
of — 55°C to +125°C. The CA3160A offers 
superior input characteristics over those of 
the CA3160. 


Features: 

■ Similar to CA3130 but has internal compensation 

■ MOS/FET input stage provides: 

very high Z, = 1.5 TO (1.5 x 10 12 ft) typ. 
very low I j = 5 pA typ. at 15-V operation 
2 pA typ. at 5-V operation 

■ Common-mode input-voltage range includes ") 

negative supply rail; input terminals can / Ideal for 
be swung 0.5 V below negative supply rail / single-supply 

■ COS/MOS output stage permits signal swing \ applications 

to either (or both) supply rails ^ 

■ Low V| 0 : 2 mV max. (CA3160B) 

Iso made to ■ Wide BW: 4 MHz typ. (unity-gain crossover) 

^ e ‘ ■ High SR: 10 V/jus typ. (unity-gain follower) 

in standard ■ High output current (Iq): 20 mA typ. 

suffix) and ■ High A 01 _: 320,000 (1 10 dB) typ. 

TO-5 style ■ internal phase compensation for unity gain 

he CA3160 (With terminal access for supplementary ex- 

ternal phase compensation network if desired) 

so available Applications: 

ic package m Ground-referenced single-supply amplifiers 

perate over _ _ A . 

e of — 55° C U ^ ast sam Ple-hold amplifiers 

itended for " Long-duration timers/monostables 

grade speci- ■ Ideal interface with digital COS/MOS 

dished for: ■ High-input-impedance wideband amplifiers 

‘fficient of ■ Voltage followers 

;r the range (e.g., follower for single-supply D/A 

60A offers converter) 

er those of ■ Voltage regulators 

(permits control of output voltage 
down to zero volts) 

■ Wien-Bridge oscillators 

■ Voltage-controlled oscillators 

■ Photo-diode sensor amplifiers 


| BIAS CIRCUIT j ^CURRENT SOURCE FOR 06 AND 07 ^loIdVOR Ol^ 1 


5 kli I I 

- — -J 

I INPUT STAGE 



fsWDFFSFT Mil I «/T U SUPPLEMENTARY 

OFFSET NULL — COMPENSATION 

NOTE: IF DESIRED 

DIODES D5 THROUGH D8 PROVIDE GATE -OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE 


Fig. 1 — Schematic diagram of the CA3160 Series. 



S and T Suffixes 


,F n F uI E l T OH 



E Suffix 

CA3160 Series devices have an on-chip frequency- 
compensation network. Supplementary phase- 
compensation or frequency roll-off (if desired) can 
be connected externally between terminals 1 and 8. 

Fig. 2 — Functional diagrams of the CA3160 Series. 
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MAXIMUM RATINGS. Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(Between V + and V Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8 V 

COMMON-MODE DC 

INPUT VOLTAGE. . . (V + +8 V) to (V~ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEATSINK - 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

WITH HEAT SINK - 

AT 125°C 418 mW 


BELOW 1 25°C . . . Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPERATING (All Types) -55 to +125° C 

STORAGE (All Types) -65 to +150° C 

OUTPUT SHORT-CIRCUIT 

DURATION* INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 


AT DISTANCE 1/16 ± 1/32 INCH 

(1 .59 ± 0.79 MM) FROM CASE 

FOR 10 SECONDS M AX +265°C 

*Short circuit may be applied to ground or to either 
supply. 



CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3160 
series COS/MOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and 
the output can be swung very close to 
either supply rail in many applications. Con- 
sequently, the CA31 60 series circuits are ideal 
for single-supply operation. Three class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig. 3, provide the total gain of the CA3160. 
A biasing circuit provides two potentials for 
common use in the first and second stages. 
Terminals 8 and 1 can be used to supplement 
the internal phase compensation network if 
additional phase compensation or frequency 
roll-off is desired. Terminals 8 and 4 can also 
be used to strobe the output stage into a low 
quiescent current state. When Terminal 8 is 
tied to the negative supply rail (Terminal 4) 
by mechanical or electrical means, the out- 
put potential at Terminal 6 essentially rises 
to the positive supply-rail potential at Ter- 
minal 7. This condition of essentially zero 
current drain in the output stage under the 
strobed "OFF" condition can only be a- 
chieved when the ohmic load resistance pre- 
sented to the amplifier is very high (e.g., 
when the amplifier output is used to drive 
COS/MOS digital circuits in comparator 
applications). 

Input Stages — The circuit of the CA316U is 
shown in Fig. 1 . It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (Q6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q1 1). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS tran- 
sistors Q2, Q4, are the constant-current source 
for the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D7 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 

Second-Stage — Most of the voltage gain in 
the CA3160 is provided by the second am- 
plifier stage, consisting of bipolar transistor 
Q1 1 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. 
The source of bias potentials for these PMOS 
transistors is described later. Miller Effect 
compensation (roll off) is accomplished by 
means of the 30-pF capacitor and 2-kJT2 
resistor connected between the base and 
collector of transistor Q11. These internal 
components provide sufficient compensation 
for unity gain operation in most applications. 
However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 
Bias-Source Circuit — At total supply volt- 
ages, somewhat above 8.3 volts, resistor R2 
and zener diode Z1 serve to establish a volt- 
age of 8.3 volts across the series-connected 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3160B 
(T, S) 

CA3160A 
(T. S. E) 

CA3160 
(T, S, E) 

UNITS 

V + = +7.5 V 
V“ = -7.5 V 
T a = 25° C 
(Unless Other- 
wise Specified) 

Input Offset Voltage 
Adjustment Range 

10 kfi across 
Terms. 4 and 5 
or 4 and 1 

±22 

±22 

±22 

mV 

Input Resistance, Rj 


1.5 

1.5 

1.5 

TO 

Input Capacitance, C| 

f = 1 MHz 

4.3 

4.3 

_ 

4.3 

pF 

Equivalent Input Noise 
Voltage, e n 

BW= 

0.2 MHz 

R s =1 Mf2 
R 5=1 0 M£2 

40 

50 

40 

50 

40 

50 

AiV 

Equivalent Input Noise 
Voltage, e n 

R S = 

ioo n 

1 kHz 
10 kHz 

72 

30 

72 

30 

72 

30 

nV\/ Hz 

Unity Gain Crossover 
Frequency, f-j- 


4 

4 

4 

MHz 

Slew Rate, SR: 


10 

10 

10 

V/ais 

Transient Response: 
Rise Time, t r 

C(_ = 25 pF 
R L = 2 kS2 
(Voltage 
Follower) 

0.09 

0.09 

0.09 

US 

Overshoot 

10 

10 

10 

% 

Settling Time (4 V p . p 
Input to <0.1 %) 

1.8 

1.8 

1.8 

MS 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3160B 
(T, S) 

CA3160A 
(T, S, E) 

CA3160 
(T, S, E) 

UNITS 

V + = 5 V 
v- = o V 
T a = 25°C 
(Unless Other- 
wise Specified) 

Input Offset Voltage, Vjq 


1 

2 

6 

mV 

Input Offset Current, I|q 


0.1 

0.1 

0.1 

pA 

Input Current, l| 


2 

2 

2 

pA 

Common-Mode Rejection 
Ratio, CMRR 


100 

90 

80 

dB 

Large-Signal Voltage 
Gain, Aqj_ 

v 0 = 4 Vp 

R|_ = 5 k£7 

100 k 

100 k 

100 k 

V/V 

100 

100 

100 

dB 

Common-Mode Input 
Voltage Range, Vjqr 


Oto 2.8 

0 to 2.8 

Oto 2.8 

V 

Supply Current, l + 

V 0 = 5V, 
R(_ = 00 

300 

300 

300 

AiA 

V 0 = 2.5 V, 
Rj_ = 00 

500 

500 

500 

Power Supply Rejection 
Ratio, AV| 0 /AV + 


200 

200 

200 

juV/V 


CIRCUIT DESCRIPTION (cont'd) 

circuit, consisting of resistor R1, diodes D1 
through D4, and PMOS transistor Q1. A 
tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 
4.5 volts for PMOS transistors Q4 and Q5 
with respect to Terminal 7. A potential of 
about 2.2 volts is developed across diode- 
connected PMOS transistor Q1 with respect 
to Terminal 7 to provide gate bias for PMOS 
transistors Q2 and Q3. It should be noted 
that Q1 is "mirror-connected"t to both Q2 
and Q3. Since transistors Q1, Q2, Q3 are 
designed to be identical, the approximately 
200-microampere current in Q1 establishes 
a similar current in Q2 and Q3 as constant- 
current sources for both the first and sec- 
ond amplifier stages, respectively. 

At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage. Consequently, the gate bias for 
Q4, Q5 and Q2, Q3 varies in accordance 
with supply-voltage variations. This varia- 
tion results in deterioration of the power- 
supply-rejection ratio (PSRR) at total supply 
voltages below 8.3 volts. Operation at 
total supply voltages below about 4.5 volts 
results in seriously degraded performance. 

Output Stage — The output stage consists of 
a drain-loaded inverting amplifier using COS/ 
MOS transistors operating in the Class A 
mode. When operating into very high re- 
sistance loads, the output can be swung 
within millivolts of either supply rail. Be- 
cause the output stage is a drain-loaded 
amplifier, its gain is dependent upon the 
load impedance. The transfer character- 
istics of the output stage for a load re- 
turned to the negative supply rail are shown 
in Fig.6. Typical op-amp loads are readily 
driven by the output stage. Because large- 
signal excursions are non-linear, requiring 
feedback for good waveform reproduction, 
transient delays may be encountered. As a 
voltage follower, the amplifier can achieve 
0.01 per cent accuracy levels, including the 
negative supply rail. 

Offset Nulling 

Off set -voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terminals 1 and 5 and with the 
potentiometer slider arm connected to Term- 
inal 4. A fine offset-null adjustment usually 
can be effected with the slider arm positioned 
in the mid-point of the potentiometer's total 
range. 


t For general information on the characteristics of 
COS/MOS transistor-pairs in linear-circuit appli- 
cations, see File No. 619, data bulletin on 
CA3600E "COS/MOS Transistor Array". 
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TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) -15 V 

* WITH INPUT TERMINALS BIASED SO THAT TERM. 6 POTENTIAL 
IS +7 5 V ABOVE TERM. 4 

* WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL. 

Fig. 3 — Block diagram of the CA3160 Series. 


Fig.4 - Open-loop voltage gain and phase shift 
vs. frequency for various values of C/_ 
and Ri_. 
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Fig. 5 - Open-loop gain vs. temperature. 
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Fig. 8 — Quiescent supply current vs. supply voltage 
at several temperatures. 
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Fig. 6 - Voltage transfer characteristics of 
COS /M OS output stage. 
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Fig.9 — Voltage across PMOS output transistor 
( 08 ) vs. load current. 



TOTAL SUPPLY VOLTAGE (V + )-V 


Fig. 7 — Quiescent supply current vs. supply voltage. 



MAGNITUDE OF LOAD CURRENT (I.) 


Fig. 10 — Voltage across NMOS output transistor 
( 012 ) vs. load current. 
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Fig. 12 — Input current vs. common-mode voltage. 


Fig. 13 - Input current vs. ambient temperature. 
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Input Current Variation with Common- 
Mode Input Voltage 

As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3160 
Series Op-Amps is typically 5 pA at T/\=25°C 
when Terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 12 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at Ta= 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 
gate-protection diodes in the input circuit 
and, therefore, a function of the applied 
voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3160 is also internally tied to Term- 
inal 4, input terminal 3 is essentially “guarded" 
from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA3160 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig. 1 3 provides data 
on the typical variation of input bias current 
as a function of temperature in the CA3160. 

In applications requiring the lowest practical 
input current and incremental increases in 
current because of “warm-up" effects, it is 
suggested that an appropriate heat sink be 
used with the CA3160. In addition, when 
“sinking" or “sourcing" significant output 
current the chip temperature increases, causing 
an increase in the input current. In such 
cases, heat-sinking can also very markedly 
reduce and stabilize input current variations. 

In put-Off set- Voltage (V|q) Variation with 
DC Bias vs. Device Operating Life 

It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni- 
tude of the change is increased at high temp- 
eratures. Users of the CA3160 should be alert 
to the possible impacts of this effect if the 
application of the device involves extended 
operation at high temperatures with a signi- 
ficant differential dc bias voltage applied 
across Terminals 2 and 3. Fig. 14 shows typi- 
cal data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 
packages during life testing. At lower temper- 
atures (TO-5 and plastic) for example at 
85°C, this change in voltage is consider- 


ably less. In typical linear applications where 
the differential voltage is small and sym- 
metrical, these incremental changes are of 
about the same magnitude as those en- 



Fig. 14 — Typical incremental offset-voltage shift 
vs. operating life. 


countered in an operational amplifier em- 
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example 
represents conditions when the amplifier out- 
put state is "toggled", e.g., as in comparator 
applications. 

Power-Supply Considerations 

Because the CA3160 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 
dual-supply service. Figs. 15(a) and 15(b) 
show the CA3160 connected for both dual- 
and single-supply operation. 

-r* 



(0) DUAL POWER-SUPPLY OPERATION 


“ f* POSITIVE 



(b) SINGLE POWER-SUPPLY OPERATION 


Fig. 15 — CA3160 output stage in dual and 
single power-supply operation. 
Dual-supply operation: When the output 
voltage at Terminal 6 is zero-volts, the cur- 
rents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and 


Q12 are driven increasingly positive with 
respect to ground, current flow through Q12 
(from the negative supply) to the load is in- 
creased and current flow through Q8 (from 
the positive supply) decreases correspond- 
ingly. When the gate terminals of Q8 and 
Q12 are driven increasingly negative with 
respect to ground, current flow through Q8 
is increased and current flow through Q12 is 
decreased accordingly. 

Single-supply operation: Initially, let it be 
assumed that the value of R [_ is very high 
(or disconnected ), and that the input-terminal 
bias (Terminals 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V + /2, i.e., 
the voltage-drops across Q8 and Q12 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3160 operated under these conditions. 

Since the output stage is operating as a Class 
A amplifier, the supply-current will remain 
constant under dynamic operating conditions 
as long as the transistors are operated in the 
linear portion of their voltage-transfer charac- 
teristics (see Fig. 6). If either Q8 or Q12 are 
swung out of their linear regions toward cut- 
off (a non-linear region), there will be a cor- 
responding reduction in supply-current. In 
the extreme case, e.g., with Terminal 8 swung 
down to ground potential (or tied to ground), 
NMOS transistor Q12 is completely cut off 
and the supply-current to series-connected 
transistors Q8, Q12 goes essentially to zero. 
The two preceding stages in the CA3160, 
however, continue to draw modest supply- 
current (see the lower curve in Fig. 7) even 
though the output stage is strobed off. Fig. 
15(a) shows a dual-supply arrangement for 
the output stage that can also be strobed off, 
assuming Ri_=°°, by pulling the potential of 
Terminal 8 down to that of Terminal 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Terminal 6 and ground in 
the circuit of Fig. 15(b). Let it further be 
assumed again that the input-terminal bias 
(Terminals 2 and 3) is such that the output 
terminal (No. 6) voltage is a V + /2. Since 
PMOS transistor Q8 must now supply quies- 
cent current to both R|_ and transistor Q12, 
it should be apparent that under these condi- 
tions the supply-current must increase as an 
inverse function of the R|_ magnitude. Fig. 9 
shows the voltage-drop across PMOS tran- 
sistor Q8 as a function of load current at 
several supply voltages. Fig. 6 shows the 
voltage-transfer characteristics of the output 
stage for several values of load resistance. 

Wideband Noise 

From the standpoint of low-noise perform- 
ance considerations, the use of the CA3160 
is most advantageous in applications where 
in the source resistance of the input signal is 
in the order of 1 megohm or more. In this 
case, the total input-referred noise, voltage 
is typically only 40 j l*V when the test-circuit 
amplifier of Fig. 16 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 
resistance is raised by an order of magnitude. 
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This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 



Fig. 16 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 


TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3160, are particularly 
suited to service as voltage followers. Fig. 17 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3160 in a split-supply config- 
uration. 

A voltage follower, operated from a single- 
supply, is shown in Fig. 18 together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus- 
trated by the reproduction of the output 
waveform in Fig. 18b with input-signal ramp- 
ing. The waveforms in Fig. 18c show that 
the follower does not lose its input-to- 
output phase-sense, even though the input is 
being swung 7.5 volts below ground poten- 
tial. This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig. 18c also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use of the CA3160 in a single-supply voltage- 
follower application. 


9- Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Ana!og 
Converter (DAC)* is shown in Fig. 19. This 
system combines the concepts of multiple- 
switch COS/MOS IC's, a low-cost ladder 
network of discrete metal-oxide-film resis- 
tors, a CA3160 op amp connected as a 
follower, and an inexpensive monolithic regu- 
lator in a simple single power-supply arrange- 
ment. An additional feature of the DAC is 
that it is readily interfaced with COS/MOS 
input logic, e.g., 10-volt logic levels are used 
in the circuit of Fig.1 9. 

The circuit uses an R/2R voltage-ladder net- 
work, with the output-potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 
of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and para- 
llel combinations of 806,000-ohm resistors 
from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3160 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the 
regulator output control, set to a nominal 

10- volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- 
tions of several volts in the supply. The 
flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 

Error-Amplifier in Regulated Power Supplies 

The CA3160 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. 

The circuit shown in Fig. 20 uses a CA3160 
as an error amplifier in a continuously ad- 
justable 1 -ampere power supply. One of the 
key features of this circuit is its ability to 
regulate down to the vicinity of zero volts 
with only one dc power supply input. 

An RC network, connected between the base 
of the output drive transistor and the input 
voltage, prevents "turn-on overshoot", a 
condition typical of many operational-ampli- 
fier regulator circuits. As the amplifier be- 
comes operational, this RC network ceases 
to have any influence on the regulator per- 
formance. 



(a) 



mmm 

p? 


(b) Small Signal Response 
Top Trace: Output 
Bottom Trace: Input 



92CS-28579 

(c) Input-Output Difference Signal Showing 
Settling Time 
Top Trace: Output Signal 
Center Trace: Difference Signal 5 mV/div 
Bottom Trace: Input Signal 


Fig. 17 — Split-supply voltage follower with associated waveforms. 


* "Digital-to-Analog Conversion Using the RCA- 
CD4007A COS/MOS 1C", Application Note 
ICAN-6080. 
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(a) 


Fig. 18 — Single-supply voltage-follower with associated 
waveforms, (e.g., for use in single-supply D/A 
converter; see Fig. 9 in I CAN-6080.) 



(b) Output signal with input-signal 
ramping. 



92CS-28581 R 1 

(c) Output-Waveform with Ground-Reference 
Sine-Wave Input 
Top Trace: Output 
Bottom Trace: Input 
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Fig. 20 — Voltage regulator circuit (0.1 to 35 V at 1 A). 


Precision Voltage-Controlled Oscillator 

The circuit diagram of a precision voltage- 
controlled oscillator is shown in Fig. 21. The 
oscillator operates with a tracking error in the 
order of 0.02 percent and a temperature co- 
efficient of 0.01 %/°C. A multivibrator 
(A-j) generates pulses of constant amplitude 
(V) and width (T 2) - Since the output 
(terminal 6) of A-j (a CA3130) can swing 
within about 10 millivolts of either supply- 
rail, the output pulse amplitude (V) is 
essentially equal to V+. The average output 
voltage (E aV g = V T2/T1) is applied to the 
non-inverting input terminal of comparator 
A2 via an integrating network R3, C2. 
Comparator A2 operates to establish circuit 
conditions such that E a vg = VI. This circuit 


condition is accomplished by feeding an out- 
put signal from terminal 6 of A2 through R4, 
D4 to the inverting terminal (terminal 2) 
of A*|, thereby adjusting the multivibrator 
interval, T3. 


Voltmeter With High Input Resistance 

The voltmeter circuit shown in Fig. 22 il- 
lustrates an application in which a number 
of the CA3160 characteristics are exploited. 
Range-switch SW1 is ganged between input 
and output circuitry to permit selection of 
the proper output voltage for feedback to 
Terminal 2 via 10 K£2 current-limiting re- 
sistor. The circuit is powered by a single 
8.4-volt mercury battery. With zero input 


signal, the circuit consumes somewhat less 
than 500 microamperes plus the meter cur- 
rent required to indicate a given voltage. 
Thus, at full-scale input, the total supply 
current rises to slightly more than 1500 
microamperes. 


Function Generator 

A function generator having a wide tuning 
range is shown in Fig. 23. The adjustment 
range, in excess of 1,000,000/1, is accom- 
plished by a single potentiometer. Three 
operational amplifiers are utilized: a CA3160 
as a voltage follower, a CA3080 as a high- 
speed comparator, and a second CA3080A 
as a programmable current source. Three 
variable capacitors Cl, C2, and C3 shape 
the triangular signal between 500 kHz and 

1 MHz. Capacitors C4, C5, and the trimmer 
potentiometer in series with C5 maintain 
essentially constant (±10%) amplitude up 
to 1 MHz. 

Staircase Generator 

Fig. 24 shows a staircase generator circuit 
utilizing three COS/MOS operational ampli- 
fiers. Two CA3130's are used; one as a 
multivibrator, the other as a hysteresis switch. 
The third amplifier, a CA3160, is used as a 
linear staircase generator. 

Picoammeter Circuit 

Fig. 25 is a current-to-voltage converter con- 
figuration utilizing a CA3160 and CA3140 
to provide a picoampere meter for ±3 pA full- 
scale meter deflection. By placing Terminals 

2 and 4 of the CA3160 at ground potential, 
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IV 22 MU JO.001 

-° 4= »* F 

X) mV 


3 V CAL. 

2.7 KXI soon 300v 


ZERO LiilM 

ADJUST — VW-4 


Fig.22 — High-input-resistance DC voltmeter. 


92CM-28585R1 


THRESHOLD 
CENTERING DETECTOR 

100 Kn 

-AA/WVV 07 5 V 


tf0-80pF =fc?,-60pF CA3l60>-(6> 


MAX. FREQ ■ MIN ; R s |? 

*7.3 VO-W^AAA/ 'NAA; — 0-7.5V 

i 6 kd 6.2 tfn soon /soon 


— HIGH-FREQ. 
LEVEL 

ADJUST L 




- Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1,000,000/1 
frequency range of the function generator. 


(c) — Triple-trace of the function generator 
sweeping to 1 MHz. The bottom trace 
is the sweeping signal and the top trace 
is the actual generator output. The 
center trace displays the 1 MHz signal 
via delayed oscilloscope triggering of 
the upper swept output signal. 


Fig. 23 — 1,000,000/1 single-control function generator — 1 MHz to 1 Hz. 
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(b) — Staircase Generator Waveform 
Top Trace: Staircase Output 
2 Volt Steps 

Center Trace: Comparator 
Bottom Trace: Oscillator 

Fig. 24 — Staircase generator. 


lOKMfl 



Fig. 25 — Current-to-voltage converter to provide a picoammeter 
with ±3 pA full-scale deflection. 


output (Terminal 6) near ground, thus mar- 
kedly reducing the dissipation by reducing 
the supply current to the device. 

The CA3140 stage serves as a XI 00 gain 
stage to provide the required plus and minus 
output swing for the meter and feedback 
network. A 100-to-1 voltage divider network 
consisting of a 9.9-K£2 resistor in series with 
a 100-ohm resistor sets the voltage at the 
lO-KMH resistor (in series with Terminal 3) to 
±30 mV full-scale deflection. This 30-mV 
signal results from ±3 volts appearing at the 
top of the voltage divider network which 
also drives the meter circuitry. 

By utilizing a switching technique in the 
meter circuit and in the 9.9 KS2 and 100-ohm 
network similar to that used in voltmeter 
circuit shown in Fig. 22, a current range of 
3 pA to 1 nA full scale can be handled with 
the single 10-KM12 resistor. 

Single-Supply Sample-and-Hold System 
Fig. 26 shows a single-supply sample-and-hold 
system using a CA3160 to provide a high 
input impedance and an input-voltage range 
of 0 to 10 volts. The output from the input 
buffer integrator network is coupled to a 
CA3080A. The CA3080A functions as a 
strobeable current source for the CA3140 
output integrator and storage capacitor. The 
CA3140 was chosen because of its low out- 
put impedance and constant gain-bandwidth 
product. Pulse "droop" during the hold 
interval can be reduced to zero by adjusting 
the 100-Kf2 bias-voltage potentiometer on 
the positive input of the CA3080A. This 
zero adjustment sets the CA3080A output 
voltage at its zero current position. In this 
sample-and-hold circuit it is essential that the 
amplifier bias current be reduced to zero to 
minimize output signal current during the 
hold mode. Even with 320 mV at the ampli- 
fier bias circuit terminal (5) at least ± 1 00 pA 
of output current will be available. 

Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscil- 
lator using a CA3160 is shown in Fig. 27. 
A pair of parallel-connected 1N914 diodes 
comprise the gain-setting network which 
standardizes the output voltage at approxi- 
mately 1.1 volts. The 500-ohm potentiometer 
is adjusted so that the oscillator will always 
start and the oscillation will be maintained. 
Increasing the amplitude of the voltage may 
lower the threshold level for starting and for 
sustaining the oscillation, but will introduce 
more distortion. 

Operation with Output-Stage Power-Booster 

The current sourcing and sinking capability 
of the CA3160 output stage is easily supple- 
mented to provide power-boost capability. 
In the circuit of Fig. 28, three COS/MOS 
transistor-pairs in a single CA3600 1C array 
are shown parallel-connected with the output 
stage in the CA3160. In the Class A mode of 
CA3600E shown, a typical device consumes 
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(b) - Sample-and-hold waveform. 

Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 


(c) — Sample-and-hold waveform. 
Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulse 


Fig. 26 — Single-supply sample-and-hold system— input 0-to-10 volts. 


the CA31 60 input is operated in the “guarded 
mode". Under this operating condition, even 
slight leakage resistance present between 
Terminals 3 and 2 or between Terminals 3 
and 4 would result in zero voltage across this 
leakage resistance, thus substantially reducing 
the leakage current. 

If the CA3160 is operated with the same 
voltage on input Terminals 3 and 2 as on 
Terminal 4, a further reduction in the input 
current to the less than one picoampere level 
can be achieved as shown in Fig. 12. 

To further enhance the stability of this cir- 
cuit, the CA3160 can be operated with its 
20 mA of supply current at 15-V operation. 
This arrangement boosts the current-handling 
capability of the CA3160 output stage by 
about 2.5X. 

The amplifier circuit in Fig. 28 employs 
feedback to establish a closed-loop gain of 
20 dB. The typical large-signal-bandwidth 
(—3 dB) is 190 kHz. 


+ 15 V 51 Kli 
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Fig. 27 — Single-supply Wien Bridge oscillator. 
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TRANSISTORS pl,p2,p3 ANDnl,n2,n3 ARE 
PARALLEL -CONNECTED WITH 08 AND 012, 
RESPECTIVELY, OF THE CA3I60 


Fig. 28 - COS/MOS transistor array (CA3600E) connected as power 
booster in the output stage of the CA3160. 



66-74 

(1667 -I 879) 
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Dimensions in parentheses are ip millimeters and 
are derived from the basic inch, dimensions as 
indicated. Grid graduations are in mils (10—3 inch). 


The photograph and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips the cleavage angles are 57° instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.17 mm) 
larger in both dimensions. 




CA3161E 

BCD-to-Seven -Segment Decoder/Driver 

The RCA-CA3161E is a monolithic inte- CA31 61 E provides a complete digital readout 

grated circuit that performs the BCD-to- system with a minimum number of external 

seven-segment decoding function and features parts. 

constant-current segment drivers. When used * The CA31 62E is described in RCA data bulletin 
with the CA3162E A/D Converter* the File No. 1080. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (between terminals 1 and 10) +7 V 

INPUT VOLTAGE (terminals 1,2,6, 7) +5.5 V 

OUTPUT VOLTAGE: 

Output "Off" +7 V 

Output "On" (See note 1 ) +10 V 

DEVICE DISSIPATION: 

Up to T a = +55°C 1 W 

Above T A = +55°C derate linearly at 10.5 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating 0 to +75°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 seconds max +265°C 

NOTE1: This is the maximum output voltage for any single output. The output voltage must be consistent 
with the maximum dissipation and derating curve for worst-case conditions. Example: All segments 
"on", 100% duty cycle. 


Features: 

■ TTL-compatible input logic levels 

■ 25-mA (typ.) constant-current segment outputs 

■ Eliminates need for output current-limiting resistors 

■ Pin compatible with other industry standard decoders 

■ Low standby power dissipation — 18 mW (typ.) 




BCD _[ 2 ' ® 
INPUTS [_ 2 Z (|) 
NC @ 
NC @ 
NC © 
BCD h 3 © 
INPUTS 2° © 



TERMINAL ASSIGNMENT 
CA3161E 


10 20 30 40 50 60 



EFTiPTr iT J 


Fig. 1 - Functional block diagram of the CA3161E. 


ELECTRICAL CHARACTERISTICS at T A = 25 C 
CHARACTERISTIC 

Supply Voltage Operating Range, V + 

Supply Current, l + (all inputs high) 

Output Current Low (Vq = 2 V) 

Output Current High (Vq = 5.5 V) 

Input Voltage High (logic level) 

Input Voltage Low (logic "0" level) 

Input Current High (logic "1") 2 V 

Input Current Low (logic "0”) OV 

tpH i 

Propagation Delay Time 


LIMITS | 

Min. 

Typ. 

Max. 

4.5 

5 

5.25 

- 

3.5 

8 

18 

25 

32 

- 

- 

250 

2 

- 

- 

- 

- 

0.8 

-30 

- 

- 

-40 

- 

- 

- 

2.6 

- 

- 

1.4 

- 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10~ 3 inch). 
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CA3162E 


A/D Converter for 3-Digit 
Digital Readout System 

The CA3162E is a monolithic integrated 
circuit that comprises the A/D converter 
section of a 3-digit digital readout system. 

It is used with the CA3161E BCD-to-Seven- 
Segment Decoder/Driver* and a minimum 
of external parts to implement a complete 
system. 

* The CA3161E is described in RCA data bulletin 
File No. 1079. 


Features: 

■ Dual-slope A/D conversion 

■ Ultra-stable internal band-gap voltage reference 

* Capable of reading 99 mV below ground with single supply 

■ Differential input 

■ Internal timing — no external clock required 

■ Choice of low-speed (4-Hz) or high-speed (96-Hz) 
conversion rate 

■ "Hold" inhibits conversion but maintains display 

■ Multiplexed operation for high efficiency 

■ Overrange indication - "EEE" for reading greater than 

+999 mV, " " for reading more negative than -99 mV 

when used with CA3161E BCD-to-Seven Segment Decoder/ 
Driver 


ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 5 V, Zero pot centered, 
gain pot = 2.4 k£2 unless otherwise stated 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS | 

UNITS 

Min. 

Typ. 

Max. 

Operating Supply 
Voltage Range, V + 


4.5 

5 

5.5 

V 

Supply Current, l + 

100 kfi to V + on terms. 3,4,5 

- 

- 

17 

mA 

Input Impedance, Zj 



100 

- 

MS7 

Input Bias Current, Ijg 

Terms. 10 and 1 1 

- 

-80 

- 

nA 

Unadjusted Zero Offset 

V 1 1 -V .<| q = OV, read decoded: 
output 

-12 

- 

+ 12 

mV 

Unadjusted Gain 

V i >| - V jo = 900 mV, read decoded 
output 

846 

. - 

954 

mV 

Linearity 

See Notes 1 and 2 

-1 

- 

+ 1 

Count 

Conversion Rate: 
Slow Mode 

Term. 6 = open or gnd 

_ 

4 

_ 

Hz 

Fast Mode 

Term. 6 = 5 V 

- 

96 

- 

Conversion Control 
Voltage (Hold Mode) at 
Terminal 6 


0.8 

1.2 

1.6 

V 

Common-Mode Input 
Voltage Range, Vjqr 

See Note 3 

-0.2 

- 

+0.2 

V 

BCD Sink Current at 
terms. 1,2,15,16 

Vbcd ^ Q-5 V, at logic zero state 

0.4 

1.6 


mA 

Digit Select Sink Cur- 
rent at terms. 3,4,5 

v Digit Select = 4V at ,0 9<c zero state 

1.6 

2.5 

- 

mA 

Zero Temperature 
Coefficient 

Vj= 0V, zero pot centered 

- 

10 


MV/°C 

Gain Temperature 
Coefficient 

V| = 900 mV, gain pot = 2.4 kft 

- 

0.005 

- 

%/°c 


NOTES: 


1. Apply zero volts across to V-jq. Adjust zero potentiometer to give 000 mV reading. Apply 900 mV 
to input and adjust gain potentiometer to give 900 mV reading. 

2. Linearity is measured as a difference from a straight line drawn through zero and positive full scale. 
Limits do not include ±0.5 count bit digitizing error. 

3. For applications where negative terminal 10 is not operated at terminal 7 potential, a return path of 
not more than 100 kfl resistance must be provided for input bias currents. 


TERMINAL ASSIGNMENT 
CA3162E 


BCD l 2 ®— 

OUTPUTS | 2 0 

digit (Nsd CD- 
select MS0 (Ty_ 
outputs Ilsd^I 

HOLD/BYPASS (§)— 

gnd CD- 
zero adj (§)— 



-<© 2 > 

-0 V+ 

GAIN ADJ 

-<g) INTEGRATING CAP 
— (M) HIGH INPUT 
— @ LOW INPUT 
— (9) ZERO ADJ 


TOP VIEW 

02CS-304I5 


Circuit Description 

The functional block diagram of the CA3162E 
is shown in Fig. 1 . The heart of the system 
is the V/l converter and reference-current 
generator. The V/l converter converts the 
input voltage applied between terminals 10 
and 1 1 to a current that charges the inte- 
grating capacitor on terminal 12 for a pre- 
determined time interval. At the end of the 
charging interval, the V/l converter is dis- 
connected from the integrating capacitor, 
and a band-gap reference constant-current 
source of opposite polarity is connected. The 
number of clock counts that elapse before 
the charge is restored to its original value is a 
direct measure of the signal induced current. 

The restoration is sensed by the comparator, 
which in turn latches the counter. The 
count is then multiplexed to the BCD 
outputs. 

The timing for the circuit is derived from a 
786-kHz ring oscillator. The oscillator fre- 
quency is divided by 2048 to provide the 
multiplex rate of 384 Hz. This rate is 
further divided by 96 to obtain the slow- 
speed conversion rate of 4 Hz (terminal 6 
open or grounded). When the "hold" termi- 
nal (terminal 6) is biased to ±1.2 V, con- 
version ceases, but multiplex continues and 
the reading is held and displayed con- 
tinuously. 

When terminal 6 is biased at +5 V, a portion 
of the divide-by-96 circuitry is disabled so 
that the conversion rate increases to 24 times 
the slow-speed rate (4 x 24 = 96 Hz). Note 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (between terminals 7 and 14) +7 V 

INPUT VOLTAGE (terminal 10 or 11 to ground) ±15 V 

DEVICE DISSIPATION: 

Up to T a = +55°C 750 mW 

Above T a = +55 C derate linearly at 7.9 mW/ C 

AMBIENT TEMPERATURE RANGE: 

Operating 0 to +75°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (DURING SOLDIERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0/79 mm) from case for 10 seconds max +265°C 


that the multiplex rate is unchanged. Fig. 3 
shows the timing of conversion and digit 
select pulses for the high-speed mode. Note 
that the basic A/D conversion process requires 
approximately 5 ms in both modes. 

The "EEE" or " " displays indicate that 

the range of the system has been exceeded in 
the positive or negative direction, respec- 
tively. Negative voltages to -99 mV are dis- 
played with the minus sign in the MSD. The 
BCD code is 1010 for a negative overrange 

( ) and 1011 for a positive overrange 

(EEE). 


CONTROL LOGIC, 
COUNTERS a 
MULTIPLEX 


REFERENCE 

CURRENT 

GENERATOR 


MSD * MOST SIGNIFICANT DIGIT 
NSD * NEXT SIGNIFICANT DIGIT 
LSD* LEAST SIGNIFICANT DIGIT 


System Application 

Fig. 2 is the block diagram of a basic system 
using the CA3162E and the CA3161E. An 
actual-size PC board layout for this circuit 
is shown in Fig. 4. The BCD outputs of the 
CA3162E drive the BCD inputs of the 
CA3161E BCD-to-7-segment decoder directly. 
The seven-segment outputs are multiplexed 
to the three LED displays. The digits are 
selected by terminals 3, 4, and 5 (CA3162E), 
which provide base current to the external 
p-n-p transistors. Thep-n-p's, in turn, provide 
current to the anodes of the display. Adjust- 
ment procedures for the gain and zero 
potentiometers are given in Note 1 of the 
Electrical Characteristics chart. 


Fig. 1 — Functional block diagram of the CA3162E. 



FAIRCHILD FND507 OR EQUIVALENT 



Fig. 3 - High speed mode timing diagram. 


Fig. 2 — Basic digital readout system using the CA3162E and 
the CA3161E. 
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+ 5 V 


GNO 


ZERO ADJ. 
IOKfl.10 TURN 



GAIN ADJ. 

10 Kft, 10 TURN 


LOW SPEED MODE :GNDOROPEN 

HOLD: 1.2 V 

HIGH SPEED MODE .5 V 


TERM. 3 OF READOUT (FND-507 
OR EQUIVALENT) 

RI,R2,R3«l50n 
C I = 0-27/aF 
QI,Q2,Q3 = 2N2907 
C2 = O.I^F 


Fig. 4 — Component side of p.c. board 92CS-3I0I7 


<*> y i s/ofo ppm '/'• 

siail 



92CS-3I0I5 

Fig. 5 — P.C. board layout for a basic digital readout system 
using the CA3162E and CA3 161 E. 


The photographs and dimensions of each Linear 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 1 7 mm I larger in both dimensions. 


Dimensions, in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


Dimensions and pad layout for 
the CA3162H Chip. 



97-105 

(2 .464-2.667) 


92CM-504I2 
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CA3162E Liquid Crystal Display (LCD) 
Application 

Fig. 6 shows the CA3162E in a typical LCD 
application. LCD's may be used in favor of 
LED displays in applications requiring lower 
power dissipation, such as battery-operated 
equipment, or when visibility in high-ambient- 
light conditions is desired. 

Multiplexing of LCD digits is not practical, 
since LCD's must be driven by an ac signal 
and the average voltage across each segment is 
zero. Three CD4056B liquid-crystal decoder/ 
drivers are therefore used. Each CD4056B 
contains an input latch so that the BCD data 
for each digit may be latched into the decoder 
using the inverted digit-select outputs of the 
CA3162E as strobes. 

Inverters G1 and G2 are used as an astable 
multivibrator to provide the ac drive to the 
LCD backplane. Inverters G3, G4, and G5 are 
the digit-select inverters and require pull-up 
resistors to interface the open-collector out- 
puts of the CA3162E to COS/MOS logic. 
The BCD outputs of the CA3162E may be 
connected directly to the corresponding 

CD4056B inputs (using pull-up resistors). In 
this arrangement, the CD4056B decodes the 
negative sign (— ) as an "L" and the positive 
overload indicator (E) as an "H". 

CA3162E Common-Cathode, LED Display 
Application 

Fig. 7 shows the CA3162E connected to a 
CD451 1 B decoder/driver to operate a com- 
mon-cathode LED display. Unlike the 
CA3161E, the CD4511B remains blank for 
all BCD codes greater than nine. After 
999 mV the display blanks rather than dis- 
playing EEE, as with the CA3161E. When 
displaying negative voltage, the first digit re- 
mains blank instead of (— ), and during a 
negative overrange the display blanks. 

The additional logic shown within the dotted 
area of Fig. 7 restores the negative sign (— ), 
allowing the display of negative numbers as 
low as —99 mV. Negative overrange is indi- 
cated by a negative sign (— ) in the MSD 
position. The rest of the display is blanked. 
During a positive overrange, only segment b of 
the MSD is displayed. 
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Preliminary Data 


BiMOS Single-Chip Smoke Detector 

For Fire Detection Systems 


The RCA-CA3164E is a monolithic BiMOS 
integrated circuit designed to meet the 
stringent system requirements of a battery- or 
line-operated smoke detector circuit. When 
used with an ionization chamber and electro- 
mechanical horn, it provides a one-chip 
approach to smoke detection. No external 
active devices are required to interface with 


either the chamber input or horn output 
terminals. The CA3164E can also be used 
with photoelectric chambers by the addition 
of several external components. 

The CA3164E was designed to comply with 
U.L. 217 and is supplied in the 14-lead dual- 
in-line plastic package. 


TERMINAL ASSIGNMENT 


VREF(|> 
chamber in CD- 
chamber adj. id- 
bias set CD- 

low BATTERY ADJ. @- 

PHOTO/LED fcV 
OUTPUT 

GROUND (V) (D 


Features: 

■ Interfaces directly with ionization chamber — 

no external buffer FET required 

■ Low input current: 1 pA max. 

■ Gate-protected input terminals 

■ On-chip beep oscillator for low battery 

indication — requires one external capacitor 

■ Output capable of driving a conventional horn 

■ Self-contained low-battery-voltage detection circuit 

(a) Fixed or adjustable trip point available 

(b) Dynamic battery test when filter capacitor = 2 ^F 

■ Chamber trigger voltage independent of 

battery supply voltage (less than 150 mV 
over temperature and supply variations) 

■ Designed to comply with U.L. 217 

■ Reference source current available = 5 /zA 

(typ.) 

■ Low standby battery current = 8 fiA (typ.) 

■ Can be used with photoelectric sensors by 

using a minimum of external passive 
components in combination with the 
RCA-CA3078 micropower op-amp 

■ Multiple-unit interconnect terminal controls MAXIMU 

a common annunciator circuit DC SUPPL 

(a) A fault to ground doesn't prevent DEVICE D 

local operation. Up to T 

(b) The low battery alarm signal Above " 

triggers only the local unit. AMBIENT 

■ LED output indicates status of smoke- Operati 

detector circuit Storage 

■ Operates from 11V (max.) supply (either LEAD TEN 

battery or line) At dista 

■ Battery reversal protection feature case for 


V + OR 
LOW — ^ 
BATTERY (5>- 
ADJ. 


is -*n-- ONE SHOT 
J U -r— MULTI- 4 
VIBRATOR 


FROM 

IONIZATION (z\- 
CHAMBER 
CHAMBER ADJ.D- 



200 ft _ BEEP TIMER 
— WV Q3) NETWORK / 

+ osc. 


^INTERNAL 
QO) CONNECTION 
00 NOT USE 

— , ALARM OSC. 

Qj) ENABLE 

C c ) PHOTO/ LED 

2 .7 kii'v' OUTPUT 


Fig. 1 — Simplified functional diagram for C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE, V + 

DEVICE DISSIPATION, P D : 

Up to T a = 25°C . 

Above T A = 25 C derate linearly at 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from 
case for 10 seconds max 


. . 0 to +50 C 

—65 to +150°C 


VBER f t t 

"~l 

jCs) 1 

T 1 1 

(tn 

-_l 

rVT 

SENSOR 



dr + ^ 

CA3I64E 

r p: 


REF 

Hu (l2)[ 

n i 

1 — QL (i 


@ 1 


Cl* 1 i 


0.1 ^iF T“ > 


NOTES: 

1 . CONTINUOUS HORN ON 
ALARM 

2 . CAP. Cl ADJUSTS LOW 
BATTERY BEEP AND 
LED BLINK RATE 


X POLYCARBONATE OR EQUIVALENT 
INSULATION RESISTANCES Gfl 
APPROX. I nA LEAKAGE 



510 10 *16107 


Fig. 2 — Basic ionization detector with electro-mechanical horn. 


X POLYCARBONATE OR EQUIVALENT 
NOTES: 

1. TERMINAL II CONNECTED TO GND * CONTINUOUS HORN 

2. Cl SETS TIMING FOR IRE DIODE 

92CM-3I022 

Fig. 3 — Typical photoelectric system using CA3164E. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 9 V 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Operating Voltage 


7 

9 

11 

V 

Common-Mode Input 
Voltage Range, V|Qp 

(V + -2 V) = 7 V 

0 

- 

7 

V 

Low-Battery Trigger 
Voltage 

External adjust 
(increase only) 

7.3 

7.7 

7.9 

V 

Horn Driver 
V CE(SAT) 

Term. 8 = 100 mA 

- 

0.5 

_ 

V 

Term. 8 = 300 mA 

- 

1 

- 

Reference Voltage 


5.8 

6.2 

6.6 

V 

Input Leakage 
Current, l[_ 

Term. 2 

- 

- 

1 

pA 

Term. 2 at 50°C 

- 

- 

2.5 

Term. 3 

- 

- 

50 

Standby Current (13 MH 
from Term. 4 to gnd) 

No LED connected 

- 

8* 

12 

juA 

LED connected-20 mA 
for 30 ms every 60s 

- 

18 

- 

Photoelectric operation — 
LED photocurrent = 0.6 A 
(5 sec. rate) 


13 


Reference Source Current 


5 

- 

- 

mA 

LED Driver Sink Current 


40 

50 

_ 

mA 

Interconnect Current 
Source 

'Sink = 10 A A typ. 

_ 

2.8 

_ 

mA 

Sink 

^Source “ *VP- 

- 

50 

- 

MA 

Low-Battery Adjust, Term. 5 
Input Current 


50 

70 

100 

nA 

Timing Current 

Term. 13 

10 

_ 

50 

nA 

LED Blink Period 

Adjustable 

- 

- 

1 

PPM 

LED Pulse Width 

Fixed 

- 

30 

— 

ms 

Remote Fan-Out 


20 

- 

_ 


Alarm Pulse Duty Cycle 
(4.7 M£2 from Term. II 
to gnd 

On-time 

- 

95 

_ 

% 

On-time = 95% 

- 

0.5 

- 

sec. 

Off-time = 5% 

- 

0.026 

- 


* Adjustable to 5 nA 


OPERATING MODES TRUTH TABLE 


Condition 

Smoke 

Ionization 

Chamber 

Low 

Battery 

Led 

6 

Alarm 

Horn 

8 

Alarm 

Enable 

Pulser 

11 

System 

Interconnect 

12 

Remote 

Unit 

Status 

Normal 

No 

No 

Blink 

Off 

X 

Low 

Off 

Low Battery 

No 

Yes 

Blink 

Beep 

X 

Low 

Off 

Smoke In Chamber 

Yes 

X 

On 

Pulsed* 

Resistor 
to ground 

High 

On 

External Input A1 
From Remote Unit 

No 

No 

Blink 

On** 

High 

High 

On 


** Alarm Horn follows mode programmed for internal system input. For example, if terminal 1 1 has 
resistor connected to ground, horn will beep. If terminal 11 is connected to V + , horn will be “on.” 

X = Don't Care 

Blink & Beep = 30 msec (fixed) every 50 sec (ADJ) 

Pulsed = 95% "on" time - Period is determined by resistor from terminal 1 1 to ground-5% Off Time 
* Horn “Continuous” if terminal 1 1 is connected to V + 


Connections for Optional Functions 

1. Low Battery Adjustment — Terminal 5 

Add diodes as shown below to increase the 
the low-battery trigger point. 



2. Sounder Operating Mode 

Continuous sound on alarm — connect 
terminal 1 1 to V + . 

Pulsed sound on alarm — connect resistor 
between terminal and ground. 

3. Remote (Interconnect) 

Connect terminal 12 to same terminal on 
all other units (fan out = 20 units). When 
interconnecting units for the remote-alarm 
function, the extremely low currents in- 
volved make it extremely important that 
a provision be made for limiting externally 
induced transients into the remote termi- 
al. For example, inadvertent contact with 
external power sources or electrical storm 
activity may cause triggering of the remote 
alarm function. The circuit below will re- 
duce the possibility of such occurences. 



92CS- 31023 


4. LED On-Time Adjustment 

Option 1: The CA3164E is designed to 
provide a fixed LED on-time of approxi- 
mately 30 ms. For applications requiring 
a reduction in on-time the following cir- 
cuit is recommended: 



This circuit reduces the LED on-time but 
does not affect the horn on-time of 30 ms. 
When using this configuration during the 
continuous-alarm mode (smoke in cham- 
ber) the LED will be off instead of on, as 
shown in the truth table. If the horn is 
pulsed during the alarm mode, the LED 
will blink at the pulse rate. 
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Option 2: A chip design change can be 
implemented to generate a 10 ms LED 
on-time. The sounder would also be pulsed 
for only 10 ms. A further reduction in 
this time may result in faulty operation 
of the sounder. 

5. Cleaning Procedure 

To insure leakage currents of less than 
1 pA the following procedure is recom- 
mended: 

(a) degrease in trichlorethylene 

(b) rinse in de-ionized water 

Circuit Description 

Basic Functions — The CA31 64E is designed 
to interface directly with an ionization- 
chamber type of smoke detector. Upon being 
triggered by a decreasing voltage at the ion- 
ization-chamber output, the 1C operates a 
mechanical transducer. In addition to this 
basic smoke-detector function, another cir- 
cuit monitors and compares the battery volt- 
age to an internal reference-voltage source. 
Once the battery voltage drops below a de- 
fined level, a short 30-ms beep sound is 
produced in synchronism with an LED indi- 
cator every 50 seconds. This rate is de- 
termined by a programming resistor con- 
nected between terminal 4 and ground and 
an external 0.1 jif capacitor connected be- 
tween terminal 13 and ground. 

A buffered output voltage is available from 
the reference supply that may be used to 
operate the ionization chamber. This voltage 
helps maintain constant sensitivity with de- 
creasing supply voltage. 

There are two alarm modes and two con- 
ditions that will sound the aiarm. The first 
alarm condition is the normal smoke in the 
ionization chamber; the other condition is a 
high level to the remote input/output termi- 
nal of the 1C. 

The first alarm mode is the customary con- 
tinuous sound. The second alarm mode is an 
interrupted or pulsed sound. 

Operation — The CA3164E is current pro- 
grammable by placing a resistor from terminal 
4 to ground. This resistor establishes the 
operating current levels for all the current 
sources within the 1C including the timing 
circuits. 


An operational amplifier configuration is 
used for the ionization chamber input. 
P-channel MOS field effect transistors are 
used on this input in the bootstrap con- 
figuration shown in Fig. 4 to drive the 
protection diodes and maintain the sub- 
pioampere input current. 



92CS-3I024 

Fig. 4 — Schematic of ionization-chamber amplifier. 


A conventional bipolar amplifier is used for 
the battery monitor circuit. The zener diode 
is biased at about 3 juA. This zener voltage 
is raised one and then applied to the 

base of an emitter-follower transistor to 
buffer and reflect the zener voltage to the 
outside reference terminal. By providing an 
additional input terminal (terminal 5), where 
three level-shifting diodes are available, an 
additional external means is provided to raise 
the voltage level at which the CA3164E goes 
into the low-voltage alarm mode. 

An integrating type of timer is used to 
generate the one-minute LED power-monitor 
and battery-function indicator pulse. Fig. 5 
shows the system. A constant-current source 
charges the external 0.1 -jiiF timing amplifier 
PI, which subsequently triggers the 30-ms 
one-shot multivibrator composed of rvchannel 
MOS transistor N3 and n-p-n transistor Q1 . 

N3 is then cut off and its drain climbs to the 
supply rail, linearly charging capacitor CP. 
When the drain of N3 reaches the supply rail, 
the charging current ceases, cutting off the 
base current of N3 and discharging the 
capacitor. 


An open-collector n-p-n transistor is used to 
drive the optional external LED power 
monitor and battery condition indicator. 

When terminal 1 1 is returned to V + , the alarm 
sounds continuously. However, it terminal 1 1 
is returned to ground through a programming 
resistor as shown in the block diagram, the 
alarm pulses. The pulse rate is determined by 
the sum of the current through the pro- 
gramming resistor connected to terminal 11 
and the current from the basic timer current 
source. Thus, when the detector goes into the 
alarm mode, the nominal 50-second timer is 
increased to a nominal 0.5-second period. 
This second 0.5-second rate is a function of 
the external 4.3-M 12 programming resistor. 


v + 



Fig. 5 — Schematic of timer and one-shot multivibrator. 


A large n-p-n transistor at terminal 8 is 
capable of operating the typical mechanical 
interrupter type sounders. An active pull-up 
transistor is also incorporated in this circuit. 
Terminal 9 must be returned directly to V + . 

Terminal 12, the interconnect terminal, is 
both an input and output for the circuit. 
When connected by two wires to other units, 
alarm in any one unit will activate the other 
units. A small sinking current of only 10 juA 
keeps the line impedance down while a 
sourcing current of over 2 mA is available in 
the alarm mode. This current is more than 
sufficient to trigger over 20 additional units. 
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CA3240, CA3240A Types 


Dual BiMOS Operational Amplifiers 

With MOS/FET Input, Bipolar Output 


The RCA-CA3240A and CA3240 are dual 
versions of the popular CA31 40-series inte- 
grated circuit operational amplifiers. They 
combine the advantages of MOS and bipolar 
transistors on the same monolithic chip. The 
gate-protected MOS/FET (PMOS) input tran- 
sistors provide high input impedance and a 
wide common-mode input voltage range 
(typically to 0.5 V below the negative supply 
rail). The bipolar output transistors allow a 
wide output voltage swing and provide a high 
output current capability. 

The CA3240A and CA3240 are supplied in 
the 8-lead dual-in-line plastic package (Mini- 
DIP, E suffix), and in the 14-lead dual-in-line 
plastic package (El suffix). They are pin- 
compatible with the industry standard 747 
and 1458 operational amplifiers in similar 
packages. The CA3240A and CA3240 have 
an operating-temperature range of -40 to 
+85°C. The offset null feature is available 
only when these types are supplied in the 
14-lead dual-in-line plastic package (El suf- 
fix). 


Features: 

■ Dual version of CA3140 

■ Internally compensated 

■ MOS/FET input stage 

(a) Very high input impedance (Z||\j) — 1.5 Tf2 typ. 

(b) Very low input current (l|) - 10 pA typ. at ± 15 V 

(c) Wide common-mode input-voltage range (Vjqr) — 
can be swung 0.5 volt below negative supply- 
voltage rail 

(d) Rugged input stage — bipolar diode protected 

■ Directly replaces industry types 747 and 1458 in 
most applications 

■ Operation from 4-to-36 volts 
single or dual supplies 

■ Characterized for ± 15-volt operation and for 
TTL supply systems with operation down to 4 
volts 

■ Wide bandwidth — 4.5 MHz unity gain at 
± 15 V or 30 V 

■ High voltage-follower slew rate — 9 V//is 

■ Output swings to within 0.5 volt of 
negative supply at V + = 5 V, V“ = 0 



*PINS 9 AND 13 INTERNALLY 92CS-300I2 
CONNECTED THROUGH APPROX 
30 


El Suffix 

Pin compatible with the 
industry-standard 747 



TOP VIEW 

92CS- 30011 


E Suffix 

Pin compatible with the 
industry-standard 1458 


Fig. 1 — Functional diagrams. 



Applications: 

■ Ground-referenced single-supply amplifiers 
in automobile and portable instrumentation 

■ Sample and hold amplifiers 

■ Long-duration timers/multivibrators 
(microseconds— minutes— hours) 

■ Photocurrent instrumentation 

■ Active filters ■ Intrusion alarm systems 

■ Comparators ■ Instrumentation amplifiers 

■ Function generators ■ Power supplies 


Circuit Description 

The schematic diagram of one amplifier 
section of the CA3240 is shown in Fig. 2. It 
consists of a differential amplifier stage using 
PMOS transistors Q9 and Q10 with gate-to- 
source protection against static discharge 
damage provided by zener diodes D3, D4, 
and D5. Constant current bias is applied to 
the differential amplifier from transistors Q2 
and Q5 connected as a constant-current 
source. This assures a high common-mode 
rejection ratio. The output of the differential 
amplifier is coupled to the base of gain stage 
transistor Q13 by means of an n-p-n current 
mirror that supplies the required differential- 
to-single-ended conversion. Provision for off- 
set null for types in the 14-lead plastic 
package (El suffix) is provided through the 
use of this current mirror. 
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CA3240, CA3240A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V“ TERMINALS) 36 V 

OPERATING VOLTAGE RANGE 4 to 36 V 

or ±2 to ±18 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V + +8 V) to (V~ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

TEMPERATURE RANGE: 

OPERATING . —40 to +85°C 

STORAGE —65 to +150°C 

OUTPUT SHORT-CIRCUIT DURATION® UNLIMITED 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH (1.59 ± 0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +265°C 

* Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must 
be limited to keep dissipation within maximum rating. 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V + = 15 V, V- = 15 V, T a = 25°C Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC CA3240A I CA3240 


Input Offset Voltage, | V | q| 
Input Offset Current, 1 1 jq | 
Input Current, 1 1 

Large-Signal 

Voltage Gain, Aql* 

(See Figs. 4, 19) 

Common-Mode 
Rejection Ratio, CMRR 

(See Fig. 9) 

Common-Mode 

Input-Voltage 

Range, V (CR 

(See Fig, 16) 

Power-Supply AVjq/AV 
Rejection Ratio, PSRR 

(See Fig. 11) 

Maximum Output 
Voltage," Vqm + 

(See Figs. 22, 16) Vqm“ 

Maximum Output 
Voltage, 1 VpM~ 

Supply Current, l + 

(See Fig. 7) 

For Both Amps. 

Total Device 

Dissipation, Pn 


At V 0 = 26 Vp. p , +12 V, -14 V and R L = 2 kS2. 
"At R l = 2 ktt. 

t AtV + = 5V, V - = GND, l Sjnk = 200 juA. 


| CA3240A | 

CA3240 | 

UNITS 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


- 

2 

5 

- 

5 

15 

mV 

- 

0.5 

20 

- 

0.5 

30 

pA 

- 

10 

40 

- 

10 

50 

pA 

20 k 

100 k 

- 

20 k 

100 k 

- 

V/V 

86 

100 

- 

86 

100 

- 

dB 

- 

32 

320 

- 

32 

320 

/jV/V 

70 

90 

- 

70 

90 

- 

dB 

-15 

-15.5 

to 

+12.5 

12 

-15 

-15.5 

to 

+12.5 

11 

V 

- 

100 

150 

- 

100 

150 

juV/V 

76 

80 

- 

76 

80 

- 

dB 

+12 

13 

_ 

+12 

13 

_ 

V 

-14 

-14.4 

- 

-14 

-14.4 

- 


0.4 

0.13 

• 

- 

0.4 

0.13 

- 

V 

- 

8 

12 

- 

8 

12 

mA 

- 

240 

360 

- 

240 

360 

mW 


The gain stage transistor Q13 has a high- 
impedance active load (Q3 and Q4) to pro- 
vide maximum open-loop gain. The collector 
of Q13 directly drives the base of the com- 
pound emitter-follower output stage. Pull- 
down for the output stage is provided by 
two independent circuits: (1) constant- 

current-connected transistors Q14 and Q15 
and (2) dynamic current-sink transistor Q16 
and its associated circuitry. The level of pull- 
down current is constant at about 1 mA for 
Q15 and varies from 0 to 18 mA for Q16 
depending on the magnitude of the voltage 
between the output terminal and V+. The 
dynamic current sink becomes active when- 
ever the output terminal is more negative 
than V + by about 15 V. When this condition 
exists, transistors Q21 and Q1 6 are turned on 
causing Q16 to sink current from the output 
terminal to V~. This current always flows 
when the output is in the linear region, either 
from the load resistor or from the emitter of 
Q1 8 if no load resistor is present. The purpose 
of this dynamic sink is to permit the output 
to go within 0.2 V (VcE(sat)) of V - with a 
2-k£2 load to ground. When the load is 
returned to V*, it may be necessary to supple- 
ment the 1 mA of current from Q15 in order 
to turn on the dynamic current sink (Q16). 
This may be accomplished by placing a 
resistor (approx. 2 kft) between the output 
and V~. 


BIAS CIRCUIT 
■ CURRENT SOURCES 
AND REGULATOR 


-jA«l0,00bp> f A » I 


Fig. 3 — Block diagram of one-half CA3240 series. 



5 10 15 20 25 

SUPPLY VOLTAGE (V + . V') — VOLTS 

92CS- 30015 


Fig. 4 — Open-loop voltage gain as a function of 
supply voltage and temperature. 
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CA3240, CA3240A Types 


TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 
V + = +15 V 
V~ = -15 V 
T a = 25°C 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage 
Adjustment Resistor 
(El Package Only) 

Typ. Value of 
Resistor Between 
Terms. 4 and 
3(5) or Between 
4 and 14(8) to 
Adjust Max. 

V I0 

18 

4.7 

kft 

Input Resistance R-| 


1.5 

1.5 

T£2 

Input Capacitance Cj 


4 

4 

pF 

Output Resistance Rq 


60 

60 

n 

Equivalent Wideband 
Input Noise Voltage e n 

(See Fig. 21) 

BW=140 kHz 
R $ = 1 

48 

48 

M v 

Equivalent Input 
Noise Voltage e n 

(See Fig. 10) 

f= 1 kHz 

R S = 

ioo n 

40 

40 

nV/\/ Hz 

f = 1 0 kHz 

12 

12 

Short-Circuit Curr 
Opposite Supply 

ent to 

Source Iq M + 


40 

40 

mA 

Sink 1 OM 


11 

11 

Gain-Bandwidth 
Product fj 

(See Figs. 5 and 19) 


4.5 

4.5 

MHz 

Slew Rate SR 

(See Fig. 6) 


9 

9 

V/ms 

Transient Response: 
Rise Time 

R L =2 kft 
C L =100 pF 

0.08 

0.08 

Ms 

Overshoot (See Fig. 20) r 

10 

10 

% 

Settling Time 

at io v p . p , 

(See Fig. 17) 

1 mV t 

R l =2 k£2 
C L =100 pF 
Voltage Follower 

4.5 

4.5 

Ms 

10 mV b 

1.4 

1.4 

Crosstalk 

f = 1 kHz 

120 

120 

dB 



92CS-27908 


Fig. 8 — Maximum output voltage swing 
as a function of frequency. 



Fig. 9 — Common-mode rejection ratio 
as a function of frequency. 


20 

X 

2 

i 10 

LOAD RESISTANCE (R L ) * 2 kil 
LOAD CAPACITANCE (C L ) * 100 pF 






— 



- 












GAIN-BANDWIDTH PRODU 



AMBIENT TEMPERATURE 

(Ta)--40*C 

f= 25 ’ C 





L85«C 

















0 5 10 15 20 25 

SUPPLY VOLTAGE (V + , V) - VOLTS 

92CS-300I6 


Fig. 5 - Gain-bandwidth product as a function 
of supply voltage and temperature. 



SUPPLY VOLTAGE (V + , V')- VOLTS 

92CS- 30017 


Fig. 6 - Slew rate as a function of supply 
voltage and temperature. 



Fig. 7 — Quiescent supply current as a 
function of supply voltage and 
temperature. 



Fig. 10 - Equivalent input noise voltage 
as a function of frequency. 


\ 


( 
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CA3240, CA3240A Types 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V + = 15 V, V"" * 15 V, = —40 to +85°C Unless Otherwise Specified 

CHARACTERISTIC 

CA3240A CA3240 


SUPPLY VOLTAGE: V+-I5 V; V**-I5 V 
AMBIENT TEMPERATURE (T A >« 25* C 


Input Offset Voltage, 

|V| 0 | 

Input Offset Current* 

I'ioI 

Input Current,* l| 

Large-Signal 
Voltage Gain, 
(See Figs. 4, 19) 

a ol # 

Common-Mode 
Rejection Ratio, 
(See Fig. 9) 

CMRR 

Common-Mode 
Input-Voltage Range, 
(See Fig. 16) 

V ICR 

Power-Supply-Rejection 

AV, 0 /AV 

Ratio, 

PSRR 

(See Fig. 11 ) 


Maximum Output 


Voltage," 

V 0 M + 

(See Figs. 16, 22) 

v OM~ 

Supply Current, 

l + 

(See Fig. 7) For Both Amps. | 


Total Device Dissipation, Pq 

Temperature Coefficient 
of Input Offset Voltage, AVjq/AT 

* At V Q = 26 V +12 V, -14 V and R, = 2 kS2. 
■ At R L -2kI2 

* At T a = 85°C 




Fig. 11 — Power supply rejection ratio 
as a function of frequency. 



OUTPUT VOLTAGE (v 0 )-v 


92CS- 30022 

Fig. 12 - Output sink current as a function 
of output voltage. 


— . M 



OUTPUT VOLTAGE (V 0 )“V 

92CS- 30023 

Fig. 13 — Supply current as a function of 
output voltage. 


AMBIENT TEMPERATURE (T A )«23*C 

AMP A — *AMP B 

AMP B — *AM P A 

VM5V, V'*-I5V 

Vq ■ 5 VRMS 


2 4 6 8 ( 2 468^2 4* 

FREQUENCY Cf » — kHi 


92CS- 30024 

Fig. 14 — Crosstalk as a function of frequency. 



LOAD (SINKING) CURRENT — mA 

Fig. 15 — Voltage across output transistors 
Q15 and Q16 as a function of 
load current. 
















TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 
At V + = 5 V, V“ = 0 V, T a = 25°C 


CHARACTERISTIC 


Input Offset Voltage, 
Input Offset Current, 


Input Current, 


Maximum Output Voltage, 
(See Figs. 16,22) 

Maximum Output Current: 
Source, 

Sink 

Slew Rate (See Fig. 6) 

Gain-Bandwidth Product, 
(See Fig. 5) 

Supply Current, 

(See Fig. 7) 

Device Dissipation, 


TYPICAL VALUES 
CA3240A I CA3240 


Input Resistance 

1 

Large-Signal Voltage Gain, Aql 

100 k 

(See Figs. 4, 19) 

100 




SUPPLY VOLTAGE : V*« 18 V; V - ■ -ffl V 1 
AMBIENT TEMPERATURE (T A ) -28*C | 



FOLLOWER | 
ZNVERTM0| 





TV 









1 w 


z 







/ y 

vy 

t- 








* \ 

u_ 



* 


T 





771 

0 


L^: 


LOAD CAPACITANCE (cj_) 

100 
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CA3240, CA3240A Types 


£-05-- OUTPUT VOLTAGE (+V 0 ) - -ff -4- -- 

ui jd COMMON-MODE INPUT VOLTAGE (+Vjrp) - — -T-- 

^ \ ill lllll : If H 




SUPPLY VOLTAGE (V\V')— V 


Fig. 16 - Output-voltage-swing capability and 
common-mode input-voltage range 
as a function of supply voltage and 
temperature. 



-40 -20 0 20 40 60 80 100 120 

AMBIENT TEMPERATURE (T A ) — *C 


Fig. 18 — Input current as a function of 
ambient temperature. 


(a) SETTLING TIME - /it 



SIMULATED 
v LOAD 



m 01 SIMULATED 

< ^ v LOAD 


100 pF^: <2 kfl 


(b) TEST CIRCUITS 

Fig. 17 — Input voltage as a function of settling time. 



Fig. 19 — Open -to op voltage gain and phase lag 
as a function of frequency. 
















CA3240, CA3240A Types 



Fig. 20 — Split-supply voltage-follower 




test circuit and associated waveforms. 


APPLICATIONS CONSIDERATIONS 
Output Circuit Considerations 

Fig. 22 shows output current-sinking capa- 
bilities of the CA3240 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to operate 
both power transistors and thyristors directly 
without the need for level-shifting circuitry 
usually associated with the 741 series of 
operational amplifiers. 

Fig. 23 shows some typical configurations. 
Note that a series resistor, R l, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated cir- 
cuit. 




Fig. 22 — Voltage across output transistors 
Q15 and Q16 as a function of 
load current. 


Input Circuit Considerations 

As indicated by the typical VICR, this device 
will accept inputs as low as 0.5 V below V - . 
However, a series current-limiting resistor is 
recommended to limit the maximum input 
terminal current to less than 1 mA to prevent 
damage to the input protection circuitry. 


Fig. 23 — Methods of utilizing the V Q^(sat) 
sinking-current capability of the 
CA3240 series. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3240 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 
tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-kH resistor is sufficient. 

The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. As the output supplies 
load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig. 24 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3240. 

It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 


+ 15 V 



Fig. 21 — Test-circuit amplifier (30-dB gain) 

used for wideband noise measurement. 

Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. In typical linear 
applications, where the differential voltage is 
small and symmetrical, these incremental 
changes are of about the same magnitude as 
those encountered in an operational amplifier 
employing a bipolar transistor input stage. 



Fig. 24 - Input current as a function of 
ambient temperature. 


Offset-Voltage Nulling 

The input-offset voltage of the CA3240AE1 
and CA3240E1 can be nulled by connecting 
a 10-kfi potentiometer between Terminals 3 
and 14 or 5 and 8 and returning its wiper arm 
to Terminal 4, see Fig. 25a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable portion 
of the potentiometer rotation is not fully 
utilized. Typical values of series resistors that 
may be placed at either end of the potentio- 
meter, see Fig. 25b, to optimize its utilization 
range are given in the table "Electrical 
Characteristics For Design Guidance" shown 
in this bulletin. 

An alternate system is shown in Fig. 25c. 
This circuit uses only one additional resistor 
of approximately the value shown in the 
table. For potentiometers, in which the 
resistance does not drop to zero ohms at 
either end of rotation, a value of resistance 
10% lower than the values shown in the table 
should be used. 
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CA3240, CA3240A Types 


TYPICAL APPLICATIONS 
On/Off Touch Switch 

The on/off touch switch shown in Fig. 26 
uses the CA3240E to sense small currents 
flowing between two contact points on a 
touch plate consisting of a PC board metal- 
lization "grid". When the "on" plate is 
touched, current flows between the two 
halves of the grid causing a positive shift in 
the output voltage (Term. 7) of the CA3240E. 
These positive transitions are fed into the 
CA3059, which is used as a latching circuit 
and zero-crossing triac driver. When a positive 
pulse occurs at Terminal 7 of the CA3240E, 
the triac is turned on and held on by the 
CA3059 and its associated positive feedback 
circuitry (51-k£2 resistor and 36-k£2/42-kf2 
voltage divider). When the positive pulse 
occurs at Terminal 1 (CA3240E), the triac is 
turned off and held off in a similar manner. 
Note that power for the CA3240E is supplied 
by the CA3059 internal power supply. 

The advantage of using the CA3240E in this 
circuit is that it can sense the small currents 
associated with skin conduction while al- 
lowing sufficiently high circuit impedance to 
provide protection against electrical shock. 


Dual Level Detector (window comparator) 

Fig. 27 illustrates a simple dual liquid level 
detector using the CA3240E as the sensing 
amplifier. This circuit operates on the princi- 
ple that most liquids contain enough ions in 
solution to sustain a small amount of current 
flow between two electrodes submersed in 
the liquid. The current, induced by an 0.5-V 
potential applied between two halves of a 
PC board grid, is converted to a voltage level 
by the CA3240E in a circuit similar to that 
of the on/off touch switch shown in Fig. 26. 

The changes in voltage for both the upper 
and lower level sensors are processed by the 
CA3140 to activate an LED whenever the 
liquid level is above the upper sensor or 
below the lower sensor. 

Constant-Voltage/Constant-Current Power Supply 
The constant-voltage/constant-current power 
supply shown in Fig. 28 uses the CA3240E 
as a voltage-error and current-sensing ampli- 
fier. The CA3240E is ideal for this application 
because its input common-mode voltage-range 
includes ground, allowing the supply to 
adjust from 20 mV to 25 V without requiring 
an additional negative input voltage. Also, 
the ground reference capability of the CA- 
3240E allows it to sense the voltage across 
the 1-f2 current-sensing resistor in the nega- 
tive output lead of the power supply. The 
CA3086 transistor array functions as a refer- 
ence for both constant-voltage and constant- 
current limiting. The 2N6385 power Darling- 
ton is used as the pass element and may be 
required to dissipate as much as 40 W. Fig. 

29 shows the transient response of the 
supply during a 100-mA to 1-A load transi- 
tion. 



*SEE CHARACTERISTICS CHART 92CS-30032 

FOR VALUE R 


Fig. 25 — Three offset-voltage nulling methods. 
(CA 3240 A E 1, CA3240E 1 only. ) 



Fig. 26 — On /off touch switch. 



Fig. 27 — Dual level detector. 
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CA3240, CA3240A Types 



(10 MHr BANDWIDTH) 


CINE REGULATION « < 0 I %/V 0 
Xo RANGE « 10 mA— I.3A 

Fig. 28 


TRANSIENT RESPONSE 


TOP TRACE : OUTPUT VOLTAGE 

(500 mV/cm AND 5 M s/cm) 
BOTTOM TRACE COLLECTOR OF LOAD 

SWITCHING TRANSISTOR 
LOAD* 100 mA TO IA 
( 5 V/cm AND 5#i s/cm) 

92CS-30034 


Fig. 29 — Transient response. 


Precision Differential Amplifier 

Fig. 30 shows the CA3240E in the classical 
precision differential amplifier circuit. The 
CA3240E is ideally suited for biomedical 
applications because of its extremely high 
input impedance. To insure patient safety, an 
extremely high electrode series resistance is 
required to limit any current that might 
result in patient discomfort in the event of a 
fault condition. In this case, 10-MJ2 resistors 
have been used to limit the current to less 
than 2 nA without affecting the performance 
of the circuit. Fig. 31 shows a typical 
electrocardiogram waveform obtained with 
this circuit. 



Constant-voltage/constant-current power supply. 


+ 15 V 
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CA3240, CA3240A Types 


Differential Light Detector 

In the circuit shown in Fig. 32, the CA3240E 
converts the current from two photo diodes 
to voltage, and applies 1 V of reverse bias to 
the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage 
(CA3140) so that only the difference is 
amplified. In this manner, the circuit can be 
used over a wide range of ambient light 
conditions without circuit component ad- 
justment. Also, when used with a light source, 
the circuit will not be sensitive to changes in 
light level as the source ages. 



TYPICAL ELECTROCARDIOGRAM WAVEFORM 


VERTICAL : I.OmV/DIV. 

(AMPLIFIER GAIN ■ IOOX) 

(SCOPE SENSITIVITY « O IV/DIV. 

HORIZONTAL 1 >0 2 SEC/DI V (UNCAL) 

92CS-30033 

Fig. 31 — Typical electrocardiogram waveform. 



92CM- 30009 


Fig. 32 — Differential light detector. 


CA3240H Dimensions and Pad Layout 


0 10 20 30 40 50 60 70 00 82 

J i L ! I i 1 j i U 



92CM-30035 


The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57° instead of 
90° with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0. 17 mm) 
larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10~ * inch). 


A 
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CA3290, CA3290A, CA3290B 


BiMOS Dual Voltage 
Comparators 

With MOS/FET Input, Bipolar Output 

The RCA-CA3290B, CA3290A, and CA3290 
types consist of a dual voltage-comparator 
on a single monolithic chip. The common- 
mode input voltage range includes ground 
when operated from a single supply. The 
low supply-current drain makes these com- 
parators suitable for battery operation; their 
extremely low input currents allow their use 
in applications that employ sensors with 
extremely high source impedances. Package 
options are shown in the table below. 


SELECTION CHART 


Selection 

Characteristic 

Package & 

Suffix 

Max. 

V IO 

(mV) 

Max. 

h 

(pA) 

Min. 

a ol 

V + 

(V) 

TO-5 

Plastic 

Std. 

OIL- 

CAN 

8- 

Ld. 

14- 

Ld. 

CA3290B 

6 

30 

50K 

44 

T 

S 

- 

- 

CA3290A 

10 

40 

25 K 

36 

T 

S 

E 

El 

CA3290 

20 

50 

25K 

36 

T 

S 

E 

El 


v + 



Fig. 1 - Basic CA3290 comparator. 


Features: 

■ MOS/FET input stage: 

(a) Very high input impedance (Z|ty) - 1.7 TH typ. 

(b) Very low input current - 3.5 pA typ. at 
+5 V supply voltage 

(c) Low input-offset voltage (V| 0 ) - to 6 mV max. 
(CA3290B) 

(d) Wide common-mode input-voltage range (Vjqr) - 
can be swung 1.5 V (typ.) below negative 
supply-voltage rail 

(e) No phase reversal of output signal for input 
signals down to 5 V below negative supply- 
voltage rail 

(f ) MOS/FET input stage - zener diode protected 

(g) Virtually eliminates errors due to flow of 
input currents 

■ Wide supply-voltage range: 

Single supply - 4 to 36 V dc 

+3.5 

Dual-supply- __ to±18Vdc 
—0.5 

(B-types up to 44 or ±22 V dc) 

■ Very low supply-current drain - 0.8 mA 
at 45 V 

■ Differential input-voltage range - up to ±36 V 

■ Low output saturation voltage - 120 mV 
at 4 mA 

■ Output voltage compatible with TTL, 

DTL, ECL, MOS, and CMOS logic systems 

■ All types are rated for operation over the 
range of -55 to +125°C 

■ Stable V|q vs. time due to source-follower 
inputs 

Applications: 

■ High-source-impedance voltage 
comparators 

■ Long time delay circuits 

■ Square-wave generators 

■ A/D converters 

■ Window comparators 


TERMINAL ASSIGNMENTS 



TOP VIEW 



92CS-300«'l 

El SUFFIX 


TOP VIEW 
INV. 

INPUT (Al) 



S and T SUFFIX 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: CIRCUIT DESCRIPTION 

Single Supply: 

CA3290B +44 V 

CA3290A, CA3290 +36 V The Basic Comparator 


Dual Supply: 

CA3290B ±22V 

CA3290A, CA3290 ±18V 

DIFFERENTIAL INPUT VOLTAGE ± 36 V or ± [(V + -V"")+6 V] 

(whichever is less) 

COMMON-MODE INPUT VOLTAGE V + +5 V to V“-5 V 

DEVICE DISSIPATION: 

Up to 55°C 630 mW 

Above 55°C Derate linearly at 6.67 mW/°C 

OUTPUT-TO-V” SHORT CIRCUIT DURATION* CONTINUOUS 

TEMPERATURE RANGE, ALL TYPES: 

Operating — 55to+125°C 

Storage — 66 to +150°C 

INPUT TERMINAL CURRENT 1mA 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH (1.59 ±0.79 MM) 

FROM CASE FOR 10 SECONDS MAX . 265°C 


*Short circuits from the output to V + can cause excessive heating and 
eventual destruction of the device. 


Fig. 1 shows the basic circuit diagram for 
one of the two comparators in the CA3290. 
It is generically similar to the industry-type 
"139" comparators, with PMOS transistors 
replacing p-n-p transistors as input stage 
elements. Transistors Q1 through Q4 com- 
prise the differential input stage, with Q5 
and Q6 serving as a mirror-connected active 
load and differential-to-single-ended con- 
verter. The differential input at Q1 and Q4 is 
amplified so as to toggle Q6 in accordance 
with the input-signal polarity. For example, 
if +V||\j is greater than -V||\j, Q1, Q2, and 
current mirror transistors Q5 and Q6 will be 
turned off; transistors Q3, Q4, and Q7 will 
be turned on, causing Q8 to be turned off. 
The output is pulled positive when a load 
resistor is connected between the output and 
V + . 
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ELECTRICAL CHARACTERISTICS at T A = -55 to +125°C 


CHARACTERISTIC 


Input Offset 
Voltage, V|q 


Temp. Coefficient 
of Input Offset 
Voltage, AV jq/AT 

Input Offset 
Current, I|q 

Input Current, l| A 

Supply Current, l + 

Voltage Gain, Aql 

Saturation 

Voltage 


TEST 

CONDITIONS 

V + 

V IC=1-4V, 5V 
V Q =1 .4 V 

v 0 =ov 


VALUES 

CA3290B CA3290A CA3290 

Typ. I Max. Typ.llVIax. Typ.l Max. 




8 

— 

8 

— 

8 

— 

/iV/°C 

,C=1.4V 

5 V 

2 

22 

2 

28 

2 

32 

n A 

O 

II 

O 

< 

±15 V 

7 

22 

7 

28 

7 

32 


IC*!- 4 V 

5 V 

2.8 

32 

2.8 

45 

2.8 

55 

n A 

IC=0V 

±15 V 

13 

32 

13 

45 

13 

55 



5 V 

0.85 

1.6 

0.85 

1 

0.85 

1.6 


L = oo 

30 V 

1.62 

3.5 

1.62 

3 

1.62 

3.5 


. -1C I/O 

+ 1 C V/ 

150 

- 

150 

- 

150 

- 

V/mV 

1 - 10 K A L 

— 1 O V 

103 

- 

103 

- 

103 

- 

dB 


V + =5 V, 
4 mA, 
+Vi=0 V, 


+125°C 0.22 
— 55°C 0.1 


0.7 0.22 

0.1 


0.22 0.7 

" 0.1 


CA3290, CA3290A, CA3290B 

Q1 and Q4 are operated with a constant cur- 
rent load, their gate-to-source voltage drops 
will be effectively constant as long as the 
input voltages are within the common-mode 
range. As a result, the input offset voltage 
(VGS(Q1 ) + VbE(Q2)-VbE(Q3)~ v GS(Q 4)) 
will not be degraded when a large differential 
dc voltage is applied to the device for ex- 
tended periods of time at high temperatures. 

Additional voltage gain following the first 
stage is provided by transistors Q7 and Q8. 
The collector of Q8 is open, offering the user 
a wide variety of options in applications. An 
additional discrete transistor can be added if 
it becomes necessary to boost the output 
sink-current capability. 

The detailed schematic diagram for one com- 
parator and the common current-source 
biasing is shown in Fig. 2. PMOS transistors 
Q9 through Q12 are the current-source 
elements identified in Fig. 1 as 1 1 through I4, 
respectively. Their gate-source potentials 
(Vqs) are supplied by a common bus from 
the biasing circuit shown in the right-hand 
portion of the Fig. 2. The currents supplied 
by Q10 and Q12 are twice those supplied by 
Q9 and Q11. The transistor geometries are 
appropriately scaled to provide the requisite 
currents with common Vqs applied to Q9 
through Q12. 


Output Leakage 
Current, Iql 


_65 

130 Ik 


4 01 LOAD RESISTANCE (R l ) - 




CA3290, CA3290A, CA3290B 

ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTIC 

TEST 

COND. 

V + 

LIMITS 

U 

N 

1 

T 

S 

CA3290B 1 

CA3290A | 

Min. 

Typ. 

Max. 

Min. 

Typ. 


Input Offset Voltage, 

V| 0 V, C =1.4V 

V 0 =1.4 V 

5 V 

■ 

3 

6 

■ 

■ 

10 


> > 

y'o 
> > 

±15 V 

- 

3 

6 

- 

4 

10 

Input Current, l| 

V, C =1.4V 

5 V 

_ 

3.5 

30 

■1 

3.5 

40 

pA 

v, c =ov 

±15 V 

- 

12 

30 

- 

12 

■ai 

Input Offset Current, 1 jq 
V |C =1.4V 

5 V 

_ 

2 

20 

_ 

2 

25 

pA 

V |C =0V 

±15 V 

- 

7 

20 

- 

7 

m 

Common-Mode Input- 
Voltage Range, VjQp 

V 0 =1.4 V 

5 V 

V + — 3.5 
v- 

V + — 3.1 
V - — 1.5 

1 

V + — 3.5 
V“ 

ID 

31 
> > 

i 


> 

o 

n 

O 

> 

±15 V 

ll + 

bo 

nsg 

- 

CO 

)7 
> > 

- 

Supply Current, l + 
r l = ~ 

30 V 

- 

1.35 

3 

— 

1.35 

3 


5 V 

- 

0.8 

1.4 

- 

00 

o 

m 

Voltage Gain, Aql 
R l =15 kn 

±15 V 

50 

800 

- 

25 

800 

- 

iHBW 

94 

Kl 

- 

88 

118 

_ 

dB 

Output Sink Current 

V 0 =1.4 V 

5 V 

6 


■ 

6 

30 

D 

mA 

Saturation Voltage 

+V|=0 V, 
— V |=1 V, 
4 mA 

5 V 

■ 



■ 

0.12 

0.4 

V 

Output Leakage Current, 
'OL 

15 V 

- 

100 

- 

- 

100 

- 

pA 

36 V 

- 

500 

- 

- 

500 

- 

Response Time 
Rl= 5.1 k£2 Rising Edge 
Falling Edge 

15 V 

■ 

1.2 

_ 

_ 

1.2 

_ 

jUS 

- 

200 

- 

- 

200 

- 

IBS 

Common-Mode Rejection 
Ratio, CMRR 

±15 V 

- 

44 

316 

- 

44 

562 


5 V 

- 

100 

316 

- 

100 

562 

/iV/V 

Power-Supply Rejection 
Ratio, PSRR 

±15 V 

- 

15 

316 

- 

15 

316 

fjV/V 

Large-Signal Response 
Time 

R l = 5.1 k n 

15 V 

_ 

500 

_ 

_ 

500 

_ 


5 V 

~ 

400 

— 

— 

400 

— 




AMBIENT TEMPERATURE (T A )«25*C i :::: E :: E : : 

v*-*+5v, v*gnd ;;E:|E;ii:i±;E;i:;E;;; 
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INPUT COMMON MODE VOLTAGE (V IC ) -V 


Fig. 5 - Input current as a function 

of input common-mode voltage. 



92CS —30044 


Fig. 6 — Positive common-mode input voltage 
range as a function of supply voltage. 



92CS-30045 

Fig. 7 — Negative common-mode input voltage 
range as a function of supply voltage. 



Fig. 8 — Input current as a function of ambient 
temperature. 

























































































CA3290, CA3290A, CA3290B 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTIC 

TEST 

COND. 

V + 

LIMITS 

UNITS 

CA3290 

Min. 

Typ. 

Max. 

Input Offset Voltage, 
v IO V|c=1.4V 

V 0 =1.4 V 

5 V 

- 

7.5 

20 

mV 

V , c =o V 
V 0 =OV 

±15 V 

- 

7.5 

20 

Input Current, l| 

V | c = 1 .4 V 

5 V 

_ 

3.5 

50 

PA 

< 

o 

ii 

o 

< 

±15 V 

- 

12 

50 

Input Offset Current, I|q 
V | c = 1 .4 V 

5 V 

_ 

2 

30 

PA 

v, c =o V 

±15 V 

- 

7 

30 

Common-Mode Input- 
Voltage Range, V|Qp 

V 0 =1.4 V 

5 V 

V + — 3.5 

v- 

V + — 3.1 
V--1.5 


V 

v 0 =o V 

±15 V 

CO 

7 1 
+' > 
> 

V + — 3.4 
V-1.6 

- 

Supply Current, l + 

r l = 00 

30 V 

- 

1.35 

3 

mA 

5 V 

- 

0.8 

1.4 

Voltage Gain, Aql 
R l = 15 kf2 

±15 V 

25 

800 

- 

V/mV 

88 

118 

- 

dB 

Output Sink Current 

Vo=1.4 V 

5 V 

6 

30 

- 

mA 

Saturation Voltage 

+V|=0 V, 
— V |=1 V, 
4 m A 

5 V 

- 

0.12 

0.4 

V 

Output Leakage Current, 
! OL 

15 V 

- 

100 

- 

PA 

36 V 

- 

500 

- 

Response Time 
R|_=5.1 kf2 Rising Edge 
Falling Edge 

15 V 

_ 

1.2 

_ 

jus 

- 

200 

- 

ns 

Common-Mode Rejection 
Ratio, CMRR 

±15 V 

- 

44 

562 

juV/V 

5 V 

- 

100 

562 

Power-Supply Rejection 
Ratio, PSRR 

±15 V 

- 

15 

316 

juV/V 

Large-Signal Response 
Time 

R L =5.1 kft 

15 V 

_ 

500 

— 

ns 

5 V 

- 

400 

- 



function of output sink current. 


C c • 2 pF 



TO XIO SCOPE 
PROBE 



WITH C c 

TOP TRACE»4.5mV/DIV« V|N 
BOTTOM TRACE *IOV/DIV * V 0 uT 
H « 5/i.s/DIV 



WITHOUT C c 
TOP TRACE » 4.5 mV/DIV 
BOTTOM TRACE - IOV/DIV 
H - 5/is/OIV 


92CM-30059 


Fig. 10 — Parasitic-oscillations test circuit 
and associated waveforms. 
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100 mV 20 mV 5 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 



5 mV 20 mV 100 mV 
OVERDRIVE OVERDRIVE OVERDRIVE 


92CM-30057 

Fig. 11 — Non-inverting comparator response-time 
test circuit and waveforms. 



/ \ V 

100 mV 20 mV 5 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 



92CM -30058 

Fig. i ^ — Inverting comparator response-time 
test circuit and waveforms. 


OPERATING CONSIDERATIONS 


Input Circuit 

The use of MOS transistors in the input stage 
of the CA3290 series circuits provides the 
user with the following features for com- 
parator applications: 

1 . Ultra-high input impedance (=1.7 TO); 

2. The availability of common-mode re- 
jection for input signals at potentials 
below that of the negative power- 
supply rail; 

3. Retention of the in-phase relationship 
of the input and output signals for 
input signals below the negative rail. 

Although the CA3290 employs rugged bi- 
polar (zener) diodes for protection of the 
input circuit, the input-terminal currents 
should not exceed 1 mA. Appropriate series- 
connected limiting resistors should be used in 
circuits where greater current flows might 
exist, allowing the signal input voltage to be 
greater than the supply voltage without 
damaging the circuit. 

Output Circuit 

The output of the CA3290 is the open collec- 
tor of an n-p-n transistor, a feature providing 
flexibility in a broad range of comparator 
applications. An output ORing function can 
be implemented by parallel-connection of 
the open collectors. An output pull-up re- 
sistor can be connected to a power supply 
having a voltage range within the rating of 
the particular CA3290 in use; the magnitude 
of this voltage may be set at a value which is 
independent of that applied to the V + 
terminal of the CA3290. 


Parasitic Oscillations 

The ideal comparator has, among other 
features, ultra-high input impedance, high 
gain, and wide bandwidth. These desirable 
characteristics may, however, produce para- 
sitic oscillations unless certain precautions 
are observed to minimize the stray capacitive 
coupling between the input and output 
terminals. Parasitic oscillations manifest them- 
selves during the output voltage transition 
intervals as the comparator switches states. 

. For high sourcejmpedances, stray capa cita nce 
can induce parasitic oscillations. The addition 
of a small amount (1 to 10 mV) of positive 
feedback (hysteresis) produces a faster tran- 
sition, thereby reducing the likelihood of 
parasitic oscillations. Furthermore, if the 
input signal is a pulse waveform, with rela- 
tively rapid rise and fall times, parasitic 
tendencies are reduced. 

When dual comparators, like the CA3290, 
are packaged in an 8-lead configuration, the 
output terminal of each comparator is adja- 
cent to an input terminal. The lead-to-lead 
capacitance is approximately 1 pF, which 
may be sufficient to cause undesirable feed- 
back effects in certain applications. Circuit 
factors such as impedance levels, supply 
voltage, toggling rate, etc., may increase the 
possibility of parasitic oscillations. To mini- 
mize this potential oscillatory condition, it 
is recommended that for source impedances 
greater than 1 TO a capacitor p 5 1-2 pF ) be 
connected between the appropriate input 
terminal and the output terminal. (See Fig. 
10 .) 


The CA3290A and CA3290 are also supplied 
in a 14-lead dual-in-line plastic package. To 
minimize the possibility of parasitic oscilla- 
tions the input and output terminals are 
positioned on opposite sides of the package. 
In addition, there are two leads between the 
output terminal of each comparator and its 
corresponding inverting input terminal, re- 
ducing the input/output coupling signifi- 
cantly. These leads (8, 9, 13, 14) should be 
tied to either the V + or V~ supply rail. If 
either comparator is unused, its input ter- 
minals should also be tied to either the V + 
or V - supply rail. 

TYPICAL APPLICATIONS 


Light-Controlled One-Shot Timer 

In Fig. 13 one comparator (A1) of the 
CA3290 is used to sense a change in photo 
diode current. The other comparator (A2) 
is configured as a one-shot timer and is 
triggered by the output of A1 . The output 
of the circuit will switch to a low state for 
approximately 60 seconds after the light 
source to the photo diode has been inter- 
rupted. The circuit operates at normal room 
lighting levels. The sensitivity of the circuit 
may be adjusted by changing the values of 
R1 and R2. The ratio of R1 to R2 should be 
constant to insure constant reverse voltage 
bias on the photo diode. 

Low-Frequency Multivibrator 

In this application, one-half of the CA329D 
is used as a conventional multivibrator cir- 
cuit. Because of the extremely high input 
impedance of this device, large values of 
timing resistor (R1) may be used for long 
time delays with relatively small leakage 
timing capacitors. The second half of I the 
CA3290 is used as an output buffer to insure 
that the multivibrator frequency will not be 
affected by output loading. 

Window Comparator 

Both halves of the CA3290 can be used in a 
high input-impedance window comparator 
as shown in Fig. 15. The LED will be 
turned "on" whenever the input signal is 
above the lower limit (V|_) but below the 
upper limit (Vy), as determined by the 
R 1 /R2/R3 resistor divider. 


LED Bar Graph Driver 

The circuit in Fig. 16 demonstrates the use 
of the CA3290 in a bar graph display. The 
non-inverting inputs of both comparators 
are tied to the voltage divider reference and 
the input signal is applied to both of the 
inverting inputs. The LED for a particular 
comparator will be turned "on" when the 
input voltage reaches the voltage on the 
resistor divider reference. The CA3290 is 
ideal for this application where input-signal 
loading is critical even though many com- 
parator inputs are driven in parallel. 
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Fig. 13 - Light-controlled one-shot timer. 


Fig. 14 — Low-frequency multivibrator. 



Fig. 15 — Window comparator. 


30 40 SO 53 




Fig. 16 —I LED bar-graph driver. 


The photographs and dimensions of each COS/MOS 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57 instead of 90 with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0. 17 mm ) larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


■ NOS. IN PADS ARE FOR 8-LEAD DIP AND TO-S 
NOS. OUTSIDE OF CHIP ARE FOR 14- LEAD DIP 


Dimensions and pad layout for the CA3290H. 



CA3401E, CA3401G 


Quad Single-Supply 
Operational Amplifier 

For Automotive Electronics and Industrial 
Control Systems 

"G" Suffix Types — Hermetic Gold-CHIP in 
Dual-ln-Line Plastic Package 
"E" Suffix Types — Standard Dual-In-Line 
Plastic Package 

The RCA-CA3401 is a high-gain monolithic 
quad operational amplifier designed specifi- 
cally for applications using a single positive 
power supply. No external compensation 
is necessary. Closed-loop stability in each of 
the four independent amplifiers is main- 
tained by a 3-pF on-chip capacitor. The 
CA3401 is ideally suited for applications in 
industrial control systems, automotive elec- 
tronics, and general purpose amplifiers, e.g. 
oscillators, tachometers, active filters, and 
multichannel amplifiers. 

The CA3401 is supplied in a 14-lead dual-in- 
line plastic package (E suffix), a hermetic 
gold-chip in 14-lead dual-in-line plastic pack- 
age (G suffix), in chip form (H suffix), and 
as a hermetic gold-chip (HG suffix). It 
is a direct replacement for the Motorola 
MC3401P, and is pin-compatible with the 
Motorola MC3301P and the National Semi- 
conductor LM3900N. The CA3401 can be 
operated over the temperature range of 
-55 to +125°C, although the limit values of 
certain specified electrical characteristics ap- 
ply only over the range of 0 to +75°C. 


Features: 

■ Single-supply operation — +5 V to +18 Vdc 

■ Internally compensated 

■ Wide unity-gain bandwidth — 5 MHz typ. 

■ Low input bias current — 50 nA typ. 

■ High open-loop gain — 2000 V/V typ. 

Applications: 

■ Automotive 

■ Constant-Current Sources 

■ Multivibrators 

■ Sample and Hold 

■ Square-Wave Generator 

■ Oscillators 

■ Tachometers 

■ Active Filters 

■ Multi-Channel Amplifiers 

■ Summing Amplifiers 


MAXIMUM RATINGS, Absolute-Maximum 


Values at Ta = 25° C 

DC SUPPLY VOLTAGE .... +18 V 

INPUT SIGNAL CURRENT ... 5 mA 

DEVICE DISSIPATION: 

Up to T a = 25°C 625 mW 

Above T A = 25°C . . Derate linearly 5 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage —65 to + 1 50°C 

LEAD TEMPERATURE (During soldering): 

At distance 1 /1 6 ± 1 /32 inch 
(1 .59 ± 0.79 mm) from case 
for 10 seconds max. 300 °C 





Fig.2— Open-loop voltage gain vs. frequency. 



Fig. 3 - Output resistance vs. frequency. 



0 5 10 15 20 


SUPPLY VOLTAGE (V*)— V 


Fig. 4 - Schematic diagram of CA3401. 


Fig. 5 — Open -loop voltage gain vs. supply voltage 
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CA3401E, CA3401G 


ELECTRICAL CHARACTERISTICS AT T A = 25°C, V + = 15 V (Unless Indicated Otherwise) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. | Typ. |Max. 

STATIC | 

Output Voltage: 
High, Voh 


13.5 

14.2 

_ 

V 

Low, Vol 

- 

0.03 

0.1 

Max. Undistorted Output Swing, 

VOP-P 

0 o C<T A <75°C 

10 

13.5 

_ 

Output Current: 
Source, (SOURCE 


5 

10 

_ 

mA 

Sink, »SINK 

0.5 

1 

- 

Total Quiescent Current: Iq 
Noninverting inputs open 


_ 

6.9 

10 

mA 

Noninverting inputs grounded 

- 

7.8 

14 

Input Bias Current, l|B 

r l = oo t a = 25°C 

- 

50 

300 

nA 

r L = oo 0°C<r A <75°C 


- 

500 

DYNAMIC 

Open-Loop Voltage Gain, Aql 

Ta = 25°C 

1000 

2000 

_ 

V/V 

0 o CCT A <75°C 

800 

- 

- 

Input Resistance, R | 


0.1 

1 

- 

MO 

Slew Rate, SR 

Cl = 100 pF, Rl = 5 kn 

- 

0.6 

- 

V//is 

Unity Gain Gandwidth, BW 


- 

5 

- 

MHz 

Phase Margin, 0 


- 

70 


Degrees 

Power Supply Rejection 

f = 100 Hz 

- 

55 

- 

dB 

Channel Separation, eoi/eQ2 

f = 1 kHz 

- 

65 

- 

dB 


TEST CIRCUITS 



Fig. 6 — Open-loop gain and input resistance, 
input bias current and output current 
test circuit. 


V+ « 1 5 V 



92CS-2I6J9RI 


Fig. 8 - Output voltage swing test circuit. 


V+-I5V 



Iqi is total quiescent current with 

“ + “ INPUT OPEN. 

I 02 is total quiescent current with 

"+“ INPUT GROUNDED. 

92CS-2I639RI 

Fig. 7 — Quiescent power supply current 
test circuit. 


V + *I5 V 



Fig.9 - Peak-to-peak output voltage 
test circuit. 


9 AMBIENT TEMPERATURE ( T A ) ■ 25* C I 



0 5 10 13 20 

SUPPLY VOLTAGE (V+ ) — V 


Fig. 10 - Supply current vs. supply voltage. 



SUPPLY VOLTAGE ( V*J — V 

92CS- 2164 3 

Fig. 11 — Source current vs. supply voltage. 



Fig. 12 — Sink current vs. supply voltage. 
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CA3600E 

COS/MOS Transistor Array 

For Linear Circuit Applications 


RCA-CA3600E is an array of Complementary -Symmetry MOS 
Field-Effect Transistors'" on a monolithic silicon substrate. It is 
comprised of three n-channel and three p-channel enhancement- 
type MOS transistors arrayed as shown in Fig. 1, and specified 
and tested .for linear circuit operation. These transistors are 
uniquely suitable for service in complementary-symmetry * 
circuits at supply voltages in the range of 3 to 15 volts and are 
useful at frequencies up to 5 MHz (untuned). Each transistor 

MAXIMUM RATINGS, Absolute-Maximum Values at T A =259 C 


in the CA3600E can conduct currents up to 10 mA. 
This device is supplied in the 14-lead dual-in-line plastic 
package. 

Formerly RCA Dev. No. TA6368. 

* The theory and construction of COS/MOS transistors are described in the 
"RCA COS/MOS Integrated Circuits Manual," RCA Solid State Division 
Technical Series Publication No, CMS-271 . 


DISSIPATION: 

Any one transistor at T/y up to 55°C 150 mW 

Total package at up to 55°C 750 mW 

Above T^ = 55°C derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 


LEAD TEMPERATURE (During Soldering) 

At distance not less than 1/16" ± 1/32" (1.59 ± 0.79 mm) 
from case for 10 s max 


The Following Ratings Apply for Each Transistor in the Device: 

DRAIN-TO-SOURCE VOLTAGE, V DS : 

n-channel 

p-channel . 


DRAIN-TO-GATE VOLTAGE, V DG : 

n-channel 

p-channel 


SOURCE-TO-SUBSTRATE VOLTAGE, V SB : 
n-channel 


GATE-TO-SOURCE VOLTAGE, V R 


p-channel transistors (p-j , p 2 , P 3 ) 

n-channel transistors (nj, n 2 , n 2 ) 

COS/MOS transistor-pairs (pj-n^, p 2 -n 2 , P3-n 2 ). 


0 V(min.) V D (max.) 

0 V(min.),+VQ(max.) 

0 V(min.),+V D 0(max.) 


DRAIN CURRENT, 


Features: 

■ High input resistance 100 G 51 (typ.) 

■ Low gate-terminal current .... 10 pA (typ.) 

■ Matched p-channel pair: 

Gate-voltage differential (Iq =-100 pA) ±20 mV (max.) 

■ No "Popcorn" (burst) noise 

■ Stable transfer characteristics over an 
operating temperature range of — 55°C to +125°C 
when operated in complementary circuit configuration 
at supply voltages in the 5 to 15 volt range (see Fig. 14) 

■ Integrated integral gate-protection system (see Fig. 34) 

■ High voltage gain (see Fig. 11). . . up to 53 dB (typ.) 

per COS/MOS stage 

■ Individual MOS transistors have square-law characteristics, 

superior cross-modulation performance, and greater 
dynamic range than bipolar transistors 

Applications: 

■ High input impedance, general-purpose amplifiers 

■ Pre-amplifiers 

■ Differential amplifiers 

■ Op-amps and comparators 

■ Constant-current sources and current mirrors 

■ Micropower amplifiers and oscillators 

■ Control of lamps, LED's, relays, and thyristors 

■ Timers 

■ Choppers 

■ Mixers 


Fig. 1 — Schematic diagram for CA3600E COS/MOS transistor array. 


The Following Rating Applies for Each COS/MOS Transistor-Pair in the Device: 
DC SUPPLY VOLTAGE (V DD - V $s ) 


Rules for Maintaining Electrical Isolation Between Transistors and Monolithic Substrate 

Terminal No. 14 must be maintained at the most positive potential (or equally positive potential) with respect to any other 
terminal in the CA3600E. 

Terminal No. 7 must be maintained at the most negative potential (or equally negative potential) with respect to any other 
terminal in the CA3600E. 

Violation of these rules will result in improper transistor operation, circuit "latching" and/or possible permanent damage 
to the CA3600E. 

Note: Users should observe the "Considerations in Handling CA3600E Devices" 


Terminal Identification for Fig. 1. 


TYPICAL CHARACTERISTICS CURVES 





E- TO -SOURCE VOLTAGE V GS — V 


DRAIN - TO - SOURCE VOLTAGE |V 0S | — V 


Fig. 2-Drain current vs. gatetosource voltage. 


Fig. 3— Drain current vs. drain-to-source voltage. 


Fig. 4— Drain current vs. ambient temperature. 
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CA3600E 


ELECTRICAL CHARACTERISTICS, At T A =25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 
CURVE OR 
CIRCUIT 
FIG. NO. 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

| For Each p Channel MOS Transistor j 

Drain Current 

'd 

V D s=-1°V.Vgs=- 36 V 

2.3.4 

-0.5 

-1.1 

-2.0 

mA 

Gate-to-Source Threshold Voltage 

V GS(th) 

Id=— 10 pA 

- 

- 

-1.75 

- 

V 

Gate-to-Source Voltage 
Differential (p vs. P2> 

| V GS1 “ V GS2| 

1 Q = — 1 00 pA,V DS -- 10 V 

5 

- 

±4 

±20 

mV 

Forward Transconductance 

9fs 

lp = -1 mA,f-1 kHz 

6 

- 

920 

- 

pmho 

Low-Frequency Noise Voltage 

e N 

lp = -1 mA,f=1 kHz.Rj^O il 

7 

- 

0.03 

- 

pV jHz 

Low-Frequency Noise Current 

'N 

l D =-1 mA,f = 1 kHz,R ? -1 MO 

7 

- 

0.2 

- 

pA JHz 

Current-Mirror 

Transfer Ratio (p^ /P2> 

'mtr 

1^-100 pA,V DS =-10 V 

30 

0.7 

1.1 

1.5 

- 

Gate-Terminal Current 

'gt 

< 

o 

o 

< 

< 

o 

< 

- 

- 

±0.015 

-40 

nA 

Input Capacitance 

c, 

- 


- 

6.3 


PF 

Output Capacitance 

c o 



- 

3 

- 

PF 

Input-to-Output Capacitance 

c l-0 

- 


- 

0.75 

- 

pF 

| For Each n-Channal MOS Transistor | 

Drain Current 

'd 

V DS " + 10 V,Vgs = + 3.6 V 

2.3,4 

0.4 

0.9 

1.6 

mA 

Gate-to-Source Threshold Voltage 

V GS(th) 

l D -10pA 

- 

- 

1.5 

- 

V 

Gate-to-Source Voltage 
Differential (nivsn2> 

KS1-VGS2I 

Ip-100 pA.Vp S -+10 V 

5 

- 

±30 

- 

mV 

Forward Transconductance 

9fs 

lp-1 mA.f- 1 kHz 

6 

- 

860 

- 

pmho 

Low-Frequency Noise Voltage 

e N 

lp-1 mA,f-1 kHz,R s =0it 

7 


0.2 

- 

pV ,fH7 

Low-Frequency Noise Current 

'N 

lp-1 mA.f-1 kHz,R s -1 MO 

7 

- 

0.3 

- 

pA JHz 

Current-Mirror 

Transfer Ratio (n 1/113) 

'mtr 

l, = 100 pA,Vp S - + 10 V 

29 

0.7 

1.3 

2.0 

- 

Gate-Terminal Current 

'gt 

v DS ~ + i° v.Vgs ~ +3 - 7 v 

- 

- 

±0.01 

+40 

nA 

Input Capacitance 

c . 


- 


5.5 

- 

pF 

Output Capacitance 

c o 

- 

- 


2.0 

- 

PF 

Input-to-Output Capacitance 

c l 0 

- 

- 

- 

0.35 

- 

pF 

For Each COS/MOS Transistor Pair | 

Drain Current 

'dd 

Vpp-TlOV 

9,10 

1.0 

2.2 

4.0 

mA 

Drain-to-Source Cutoff Current 

'DD(off) 

VpD- + 10V.Vss=0V 

Gate Voltage(V G )=+10 V or 0 V 

8 


0.5 

100 

nA 

DC Output Voltage 

V 0 

Vpp-MOV 

10 

4.2 

5.0 

5.8 

V 

Forward Transconductance 

9fs 

VpD=+1° V, f = 1 kHz 

6 

- 

2300 

- 

pmho 

Slew Rate (Open-Loop) 

SR 

Vpp = + 15V 

10 

- 

95 

- 

V'ps 

Amplifier Voltage Gain 

a OL 

Vpp = + 10 V,f=1 kHz.R b =22 MO 
R $ =50 il 

10.11 

_ 

32 


dB 

Gate-Terminal Current 

'gt 

V DD = + 10V 

10 

- 

±0.005 

±20 

nA 

Broadband Output Noise Voltage 

e on 

Vp D =+10 V,R b =22 MO.R S =10 kO 

10.11 

- 

500 


pV 

Input Capacitance 

C l 

- 

- 

- 

11.8 


pF 

Output Capacitance 

c o 

- 

- 

- 

5.0 


pF 

Input-to-Output Capacitance 

c i-o 

- 


- 

’I 


pl 



50 


60 


GATE - TO - SOURCE VOLTAGE DIFFERENTIAL | V Gsr V GS2 | — mV 
92CS- 2 I 5 4 4 

Fig. 5— Gateto-source voltage differentia I vs. drain current. 



Fig. 6— Forward transconductance vs. drain current. 



OPERATING FREQUENCY ID — Hi 

92CS-2I549 


Fig. 7— Noise voltage and noise current vs. operating frequency. 



92CS- 21539 

Fig. 8— Drain-to-source cutoff current vs. ambient temperature. 



Fig.9 - Typical Vqq vs. Iqq characteristics for amplifier circuits 
of Fig. 10 and Fig. 15. 
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APPLICATIONS 



Fig. 10- COS/MOS transistor-pair biased for linear-mode operation. pig. 1 1- Typical voltage gain vs. frequency characteristics for Fig. 12- Normalized amplifier supply current vs. ambient temperature 

amplifier circuit of Fig. 10. characteristics for amplifier circuit of Fig. 10. 



H| 

0 


INPUT VOLTAGE IV| N ) — V 

92CS- 214 50 

Fig. 13 - Representation of voltage-transfer characteristics for 
COS/MOS transistor pair. 

The Basic COS/MOS Linear Amplifier 

P-n-p and n-p-n bipolar transistors have been used for many 
years in the design of so-called "true-complementary" linear 
amplifier circuits . Since mutually compatible p-channel and 
n-channel MOS/FET devices were not generally available, 
"true-complementary" amplifier circuits using MOS transistors 
were seldom used. Now, COS/MOS transistor technology^ has 
made it possible to supply compatible p-channel/n-channel 
transistors in monolithic 1C form such as the CA3600E 
COS/MOS transistor array shown in Fig. 1 . 

A "True-Complementary" Linear Amplifier Using COS/MOS 
Transistors 

Fig. 10 shows the schematic diagram of a single-stage "true- 
complementary" linear amplifier using one pair of the com- 
plementary MOS transistors in the CA3600E, connected in a 
common-source circuit. Resistor is used to bias the 
complementary pair for Class A operation, as described 
subsequently, and R s represents the source resistance of the 
signal source. This generic amplifier is suitable for operation 
with a single or split voltage supply in the range of 3 to 15 
volts. Fig. 11 shows voltage gain as a function of operating 
frequency at various supply voltages for the single-stage 
amplifier. This amplifier is capable of producing very high 
output-swing voltages (V out ); for example, its output voltages 
can be swung to within several millivolts of either supply-voltage 
"rail". Fig. 9 shows typical supply voltage (Vqq) vs. supply 
current (Iqq) characteristics for the single-stage amplifier. The 
curves in Fig. 12 show the normalized amplifier supply current 
as a function of ambient temperature at various supply voltages. 
When the amplifier is operating at Vqq = 3 V, the supply cur- 
rent changes rapidly as a function of temperature because the 
MOS transistors are operating in the proximity of their 
individual gate-source threshold voltages. 

Voltage-Transfer Characteristics 

Fig. 13 illustrates a voltage-transfer characteristic curve of a 
COS/MOS transistor pair connected in the amplifier circuit of 
Fig. 10, with a biasing resistor (R^) connected between the 
drain and gate terminals (10,12). If the p- and n-channel tran- 
sistors have identical characteristics, their channel resistances 
are equal, and the biasing method shown establishes a steady- 
state condition such that terminal 12 is at mid-potentiai 
between Vqq and ground. Thus, with negligibly small gate- 



INPUT VOLTAGE (V| N ) — V 

9?CS • 214 79 

Fig. 14- Voltage transfer characteristics for COS/MOS transistor -pair 
amplifier in Fig. 10. 

source leakage resistances, under zero-signal conditions, the 
biasing resistor (R^) establishes gate potential at the mid point 
between Vqq and ground, i.e., Vj n = V out . Under these 
conditions the amplifier is biased for operation about the 
mid-point ("0") in the linear segment on the steep transition 
of the voltage-transfer characteristic as shown in Fig. 13. 
When the input signal (V |n ) swings in the positive direction, 
there is a reduction in the instantaneous output voltage (V QUt ) 
with respect to ground. Negative-going input signals have 
inverse effects. Thus, phase-inversion occurs in the COS/MOS- 
pair amplifier. Power-supply current is constant during dynamic 
linear operation, i.e.. Class A amplifier service. When the 
signal input-voltage level (V, n ) becomes very large, the output 
signal (V out ) waveforms become distorted because the tran- 
sistors are driven into the non-linear portions of their voltage- 
transfer characteristics. If the positive-going input-signal is 
sufficiently large, for example, the p-channel transistor can be 
driven to cutoff and the amplifier supply current (Iqq) is 
reduced to essentially zero. 

Fig. 14 shows typical voltage-transfer characteristics of each 
COS/MOS pair in the CA3600E at several values of Vqq. The 
shape of these transfer characteristics is comparatively constant 
despite temperature changes from —55 to +125°C. 

The biasing arrangement used in the circuit of Fig. 10 provides 
an easy method of establishing feedback for ac signals in 
accordance with the R^/Rs ratio. When the feedback of ac 
signals is not desirable, the circuit of Fig. 15 may be used. 
The ac bypass capacitor (C3) minimizes ac signal feedback. 

Cascading Amplifier Stages of COS/MOS Transistor Pairs 

Ultra-high-gain amplifiers can be designed by cascading stages 
of COS/MOS transistor pairs as shown in Fig. 16. The 
biasing system used is similar to that described above in 
connection with Fig, 10. The supply current for the three- 
stage amplifier shown in Fig. 16 is typically three times the 
values shown in Fig. 9. Gain and frequency-response charac- 
teristics of the amplifier are shown in Fig. 17. 



Fig. 15- Alternate method of biasing COS/MOS transistor-pair for 
linear-mode operation. 

Post- Amplifiers For Op-Amps 

COS/MOS transistor-pairs can be advantageously applied as 
post-amplifiers for op-amps. Because the input impedance of 
the COS/MOS pair is comparatively high, the op-amp operates 
under essentially unloaded conditions. Each COS/MOS pair 
can sink and source output current up to about 10 mA. 
Additionally, the op-amp output can be directly coupled to 
bias the COS/MOS pair. A detailed description of the subject 
has been published previously. 

The schematic diagram in Fig. 18 shows a COS/MOS transistor- 
pair serving as a post -amplifier to an RCA-CA3080 Operational 
Transconductance Amplifier. The approximate 30-dB gain in 
a single COS/MOS transistor-pair is an added increment to the 
100-dB gain in the CA3080, yielding a total forward gain of 
about 130 dB. The open-loop slew rate of the circuit in Fig. 19 
is approximately 65 V/ps. When compensated for the unity- 
gain voltage-follower mode shown in Fig. 19, the slew rate is 
about 1 V/ps. For greater current output, the two remaining 
transistor pairs of the CA3600E may be connected in parallel 
with the single stages shown in Figs. 18 and 19. 


The use of the two-stage COS/MOS post -amplifier shown in 
Fig. 20 increases the total open-loop gain of the system to 
about 160 dB (100,000,000x). Open-loop slew rate remains at 
about 65 V/ps. A slew rate of about 1 V/ps is maintained with 
this circuit connected in the unity-gain voltage-follower mode, 
as shown in Fig. 21. These circuits operate in concert with 



Mfl 22 MH 22 MO 


Fig. 16— High-gain amplifier uses cascaded COS/MOS transistor-pair 
in CA3600E. 
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APPLICATIONS — Post-Amplifiers for Op-Amps (Cont'd) 




Fig. 17- Typical voltage gain vs. operating frequency characteristics Fig. 18- COS/MOS transistor-pair used as post-amplifier to op-amp in 

for three-stage COS/MOS transistor-pair amplifier in Fig. 16. open-loop circuit. 


Fig. 19- COS/MOS transistor-pair used as post-amplifier to op-amp 
in unity -gain circuit. 


Multivibrators, Threshold Detectors, and Comparators 

Descriptions of several circuits using COS/MOS transistor- 
pairs in both monostable and astable multivibrators have been 
published. The characteristics of COS/MOS pairs are also 
ideal for mating with micropower op-amps in circuits such as 
the precision multistable circuits shown in Fig. 22. In these 
circuits precise timing and thresholds are assured by the stable 
characteristics of the input differential amplifier in the CA3080 
Operational Transconductance Amplifier. Moreover, speed 
vs. power consumption tradeoffs can be made by adjustment 
of the Amplifier-Bias-Current Uabc) suppl ied to terminal 5 of 
the CA3080. The quiescent power consumption of the circuits 
shown in Fig. 22 is typically 6 mW, but can be made to operate 
in the micropower region by suitable modifications. 

The schematic diagram of a programmable micropower com- 
parator, shown in Fig. 23 employs the combination of an 
op-amp (CA3080A) and COS/MOS transistor-pairs in the 
CA3600E. Quiescent power consumption of the circuit is 
about 10 jxW(typ.). When the comparator is strobed “ON", 
transistor PI is driven into conduction and the OTA becomes 
active. Under these conditions, the circuit consumes 420 p\N 
and responds to a differential-input signal in about 8 f. is . 
By suitably biasing the CA3080A, the circuit response time 
can be decreased to about 150 ns but the power consumption 
is increased to 21 mW. The differential amplifier input 
common-mode range for this circuit is -1 V to +10.5 V. 
Voltage gain of this micropower comparator is typically 130 dB. 



4r 92CS-2I531 

Fig. 20- COS/MOS transistor-pairs used as two-stage post-amplifier 
op-amp in open-loop circuit. 



-6 V -6 V 92CS-2I530 


Fig. 21- Unity-gain amplifier uses COS/MOS transistor-pairs as 
two-stage post-amplifier to op-amp. 




Fig. 23- Programmable micropower comparator. 



AMBIENT TEMPERATURE (T A )«25*C 



10 IO z I0 3 I0 4 I0 5 I0 6 I0 7 I0 8 

OPERATING FREQUENCY (f ) — Hz 

92CS-2I502 

Fig. 24— Open-loop gain characteristic for op-amp . 
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Oscillator Circuits 

Oscillator circuits using COS/MOS transistor-pairs have been 
widely used for several years in clock and watch circuits 
because of their low power consumption and good frequency 
stability. Details of their operating theory and characteristics 
have been published. 

The design of COS/MOS oscillator circuits, like the design of 
any oscillator circuit, involves the provision of an amplifying 
section to operate compatibly with an appropriate feedback 
network. A single stage amplifier using a COS/MOS transistor- 
pair has already been described. A suitable feedback network 
to insure stable oscillator performance is easily added, as 
illustrated in connection with the crystal oscillator circuit 
shown in Fig. 2b, The familiar pi-network has been connected 
between the input and output terminals, points "D" and "G", 
to provide the required 180° phase shift for stable oscillator 
performance. The frequency-determining crystal is an integral 
part of the pi-network feedback circuit. The resistors and 
R2 decrease the total power consumption of the oscillator at a 
particular supply voltage and enhance the frequency stability. 
Variable frequency oscillators can be built by replacing the 
crystal with an appropriate inductance and tuning the pi- 
network by conventional means. 



Fig. 25- Typical crystal-oscillator circuit using COS/MOS 
transistor-pair (1/3 CA3600E). 


Current Mirrors Using MOS Transistors 

Monolithic linear IC's using bipolar transistors frequently 
employ so-called “current-mirror" circuits. The theory and 
practical applications of current mirrors using bipolar tran- 
sistors have been described in the literature. As shown in 
Fig. a rudimentary form of "current-mirror" consists of a 
transistor Q-j with a second transistor Q2 connected as a diode. 
When both transistors have identical characteristics, a 
current l-j forced to flow through Q2 produces a current (I2) 
of equal magnitude to flow in the collector of Qj (provided 
there is sufficient collector potential for Q 1 ). In a common 
form of application, a source of potential is used to force 
constant-current flow 1-j, and thus to establish the flow of 
constant current I2 through Q-j. Arrangements of this generic 
current-mirror type are frequently used when Q-j acts as the 
common-emitter impedance in a differential-amplifier circuit. 
MOS transistors are also applicable as current mirrors, as shown 
in Fig. 29. The diode-connected MOS transistor N2 functions 
as a transistor with 100 per-cent feedback. Therefore, the 
gate-to-source voltage (Vgg) in N2 retains control of the drain 
current as in normal transistor action, i.e., I D ^ 9f s V(3s 
where gf s is the forward transconductance of the device. If a 
current 1-j is forced into the diode-connected transistor (N2), 
the gate-to-source voltage will rise until equilibrium is reached. 
Thus, a gate-to-source voltage is established in N2 such that N2 
"sinks" the applied current I -j . 


If the gate and source terminals of another transistor (N^) are 
connected in shunt with the gate and source terminals of N2, 
as shown in Fig. 27, N -j is also able to "sink" a mirror current 
approximately equal to that flowing in the drain lead of the 
diode-connected transistor N 2 . It is assumed that both MOS 
transistors have identical characteristics, a prerequisite that is 
essentially established by the monolithic 1C fabrication techno- 
logy used in manufacturing the CA3600E COS/MOS transistor 
array. 

Current mirrors can also be designed with p-channel MOS 
transistors as illustrated by the arrangement in Fig. 30 using 
transistors in the CA3600E. The characteristics of a current 
mirror using the p-channel transistors in the CA3600E are 
superior to those which can be achieved with a current mirror 
using the n-channel transistors because the characteristics of 
the p-channel transistors are more nearly matched. The data 

Complementary Current Mirrors Using COS/MOS Transistor- 
Pairs 

COS/MOS transistor-pairs can be applied advantageously in 
the design of Complementary Current-Mirrors, as shown in 
Fig. 30 . Transistors P-j and Nj are series-connected and biased 
for linear operation as previously described, so that there is a 
current flow Iqj through P^ and Nj. The potential developed 
between terminals 13 and 14 is applied as gate-source (2,3) 
voltage for P2, forcing "mirror" operation of P2 to produce a 
current source Iq 2-P equal to Iqj. Likewise, the potential 
developed between terminals 7 and 8 is applied as gate-source 
(3,4) voltage for N2 forcing "mirror" operation of N2 to 
produce a current-sink Ip2-N ec l ual to , D1- 
A variant of this complementary current mirror is used in the 
analog timer circuit shown in Fig. 28. Transistors P2 and N2 
are series-connected together with a 60-megohm resistor to 
establish their drain current at 5 nA. The potential developed 
across terminals 1 and 2 also appears as the gate-source voltage 
for transistor P^, thereby establishing a mirror-current source 
of 5 nA at terminal 13 to charge capacitor C-j linearily. In this 
circuit, the "mirrored" current-sink available at terminal 8 
(transistor N^) is unused. This type of current -mirror con- 
figuration is exceptionally stable with temperature variations. 



92CS- 21462 

Fig. 26— Current mirror using n-p-n bipolar transistors. 



Tig. 27-Current mirror using n-channel MOS transistors. 



Fig. 28 -Current mirror using p-channel MOS transistors in CA3600E. 



Fig. 29- Characteristics of current mirror circuit of Fig. 30 using 
p-channel transistors. 



Fig. 30- Complementary current mirrors using COS/MOS 
transistor-pairs in CA3600E. 



92CS-2I5JJ 

Fig. 31— Normalized drain current ratio vs. ambient temperature for 
typical current mirror using p-channel transistors (Fig. 2£V. 
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High-Current N-P-N 
Transistor Arrays 

Four Individual Sealed-Junction 
High-Current N-P-N Transistors 

The RCA-CA3724G and -CA3725G are high- 
current n-p-n transistor arrays each containing 
4 individual sealed-junction high-current 
n-p-n transistors. They are intended for high- 
current, high-speed switching and driver 
applications. 

These devices are alike except for break- 
down voltage ratings. 

The CA3724G and CA3725G are supplied in 
a 14-lead dual-in-line plastic package and 
operate Over the full military temperature 
range of — 55°C to +125°C. The transistor 
chips used in these packages are of the 
sealed-junction type to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. 

The semiconductor junctions are sealed by 
utilizing a silicon nitride passivation layer. 
A multi-layered, highly corrosion-resistant, 
terminal-connection system of unique design 
is employed. 


Applications: 

■ Core-Memory Driver 

■ High-Speed Switching 

■ High-Current LED Driver 

■ High-Voltage Switching 

■ Relay and Solenoid Driver 

■ Lamp Driver 


Features: 

■ High Current — 1 A 

■ High Breakdown Voltage: 

CA3725G = 80 V dc min. V(br)CES 
@ lc = 10 /iA 

CA3724G = 70 V dc min. V(br)CES 
@ l c = 10 /iA 

■ Fast Switching Speeds: 

t on = 30 ns typ.@ Iq = 500 mA 
t Q ff = 36 ns typ. @ Iq = 500 mA 

■ “Hermetic Chip" Construction 

■ Silicon Nitride Passivated 

■ Platinum Silicide Ohmic Contacts 

■ Gold Chip-Metallization 

■ Electrically similar and pin compatible 

with industry types MPQ3724, MPQ3725; 
FPQ3724, FPQ3725; DH3724, DH3725; 
SP3724, SP3725 in similar packages 


CA3724G, CA3725G 



Fig. 1 -Terminal diagram (top view). 


MAXIMUM RATINGS, Absolute-Maximum Values atT^ = 25°C 


COLLECTOR-TO-EMITTER VOLTAGE V CEQ 

With Base Open 

COLLECTOR-TO-BASE VOLTAGE V CBQ 

With Emitter Open 

EMITTER-TO-BASE VOLTAGE V EBQ 

With Collector Open 

COLLECTOR CURRENT l c 

POWER DISSIPATION: P D 

At T A up to 25°C: 

For Each Transistor 

Total Package 

At T a above 25°C derate linearly 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/32“ (3.17 mm) from 

seating plane for 10 s max. 


CA3724G CA3725G 

40 50 V 

70 80 V 

6 6 V 

1.0 1.0 A 

1.0 1.0 W 

2.0 2.0 W 

20 mW/°C 

-55 to +125 -55 to +125 °C 

-65 to +150 -65 to +150 °C 

300 300 °C 




Fig. 2-Switching time test circuit. 
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CA3724G, CA3725G 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


Characteristic 

Test Conditions 

Limits 

Units 

CA3724G 

CA3725G 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Collector-to-Emitter Sus- # 
taining Voltage,V0 E Q(sus) 

Iq= 10 m A, 1 g“0 

40 

- 

- 

50 

- 

- 

V 

Collector-to-Emitter Break- 
down Voltage,V(BR)Qj=S 

i c =ioma,i b =o 

70 

- 

- 

80 

- 

- 

V 

Collector-to-Base Break- 
down Voltage, V ( BR ) CB0 

1 c = 1 0 pA,l E =0 

70 

- 

- 

80 

- 

- 

V 

Emitter-to-Base Break- 
down Voltage, V( B pj EB 0) 

I e =10mA,I c =0 

6 

- 

- 

6 

- 

- 

V 

Base-to-Emitter Saturation 
Voltage, V BE (sat)* 

— o 

CD II 
II CJ1 
CD O 

o o 
3 3 
>> 

0.75 

- 

TO 

0.75 

- 

1.0 

V 

Collector-to-Emitter 
Saturation Voltage, VQg(sat)* 

Iq= 500 mA, 
l b =50 mA 

- 

- 

0.5 

- 

- 

0.5 

V 

Collector-Cutoff Current, 
'CBO 

V CB =40 V, 

'E=0 

- 

- 

1.7 

- 

- 

1.7 

HA 

Static Forward-Current 
Transfer Ratio (Beta), 

h FE 

l c =100 mA, 
v CE =i.o V 
Iq= 500 mA, 
V CE =1.0 v 
l c =1 A,V ce =1.0 V 

35 

30 

20 

- 

- 

35 

30 

20 

- 

- 


Small-Signal Forward- 
Current Transfer Ratio, 
h fe 

Iq= 50 mA, 
v CE =io V, 
f=100 MHz 

2.0 

- 

- 

2.0 

- 

- 


Turn-On Time (See Test 
Ckt. Fig. 2), t on 

Iq= 500 mA, 

1 B i =50 m A 

- 

- 

40 

- 

- 

40 

ns 

Turn-Off Time (See Test 
Ckt. Fig. 2), t off 

1 0=500 m A, 1 B i = 
1 B 2=50 mA 

- 

- 

60 

- 

- 

60 

ns 

Emitter-to-Base 
Capacitance, C eb 

l c =0, 

V eb =0.5 V 

- 

95 

- 

- 

95 

- 

pF 

Collector-to-Base 
Capacitance, C^ 

\£= 0 , 

v CB =iov 

- 

12 


- 

12 

- 

pF 


* Pulse Conditions: width = 300 ;us; duty cycle = 1 %. 
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CA6078, CA6741 Types 


Operational Amplifiers 

CA6078AT — Micropower Type 
CA6741T — General-Purpose Type 

For Applications where Low Noise 
(Burst + 1/f) is a Prime Requirement 


Virtually free from "popcorn" (burst) noise: 

device rejected if any noise burst exceeds 20 pSj (peak), 

referred to input over a 30-second time period. 

RCA-CA6078AT and CA6741T are low-noise linear 1C 
operational amplifiers that are virtually free of "popcorn" 
(burst) noise. 

These low-noise versions of the CA3078AT and CA3741T 
are a result of improved processing developments and rigid 
burst-noise inspection criteria. A highly selective test circuit 
(See Fig. 2) assures that each type meets the rigid low-noise 
standards shown in the data section. This low-burst-noise 
property also assures excellent performance throughout the 
1/f noise spectrum. 

In addition the CA6078AT and CA6741T offer the same 
features incorporated in the CA3078AT and CA3741T 
respectively, including output short-circuit protection, 
latch-free operation, wide common-mode and differential- 
mode signal ranges, and low-offset nulling capability. 

For detailed data, characteristics curves, schematic diagram, 
dimensional outline, and test circuits, refer to the Opera- 
tional Amplifier Data Bulletins File No. 531 and 535. In 
addition, for details of considerations in burst-noise 
measurements, refer to Application Note, ICAN-6732, 
"Measurement of Burst ("Popcorn") Noise in Linear IC's". 

The CA6Q78AT and CA6741T utilize the hermetically sealed 
8-lead TO-5 type package. The CA6078AT and the CA6741T 
can also be supplied on request with dual-in-line formed 
leads. These types are identified as the CA6078AS and 
CA6741S. This formed-lead configuration conforms to that 
of the 8-lead dual-in-line (Mini-Dip) package. 



Applications: 

■ Low-noise AC amplifier 

■ Narrow-hand or band-pass filter 

■ Integrator or differentiator 

■ DC amplifier 

■ Summing amplifier 



Applications: 

■ Portable electronics 

■ Madical electronics 

■ DC amplifier 

a Narrow-band or band-pass filter 

■ Integrator or differentiator 

■ Instrumentation 

■ Telemetry 

■ Summing amplifier 


Features: 

■ Internal phase compensation 

■ Input bias current: 500 nA max. 

■ Input offset current: 200 nA max. 

■ Open-loop voltage gain: 50,000 (94 dB) min. 

■ Input offset voltage: 5 mV max. 


Features: ■ Summing ampiifi< 

■ Open-loop voltage gain: 40,000 (92 dB) min. 

■ Input offset voltage:3.5 mV max. 

e Operates with low total supply voltage: 

1.5 V min. l± 0.75 V) 
a Low quiescent operating current: 
adjustable for application optimization 
b Input bias current: adjustable to below 1 nA 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\ ** 25° C 


DC Supply Voltage (between V + and V - terminals) . . 

Differential-Mode Input Voltage 

Common-Mode DC Input Voltage* 

Device Dissipation: 

Up to 75°C (CA6741T), Up to 125° (CA6078AT) 


Temperature Range: 

Operating 

Storage 

Output Short-Circuit Duration* 

Lead Temperature (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 
from case for 10 seconds max 


CA6741T 

CA6078AT 

44 V 

36 V 

±30 V 

±6 V 

±15 V 

V+ to SI- 

500 mW 

250 mW 

Derate linearly 5 mW/oC 

- 

-55 to +125 °C 

-55 to +125 °C 

-65 to +150 °C 

-65 to +150 °C 

No limitation 

No limitation 

300 °C 

300 °C 


A lf Supply Voltage is less than ±15 volts, the Absolute Maximum Input Voltage is equal to the Supply Voltage. 
* Short circuit may be applied to ground or to either supply. 


j 











> 


TIME — lOmt/DIV. 

92CS-202S9 

i. Typ. device with high-burst-noise charac- 
teristic. 


TIME — 20mt/OIV. 

b. Typ. device controlled for burst noise. 


Fig.l—Typ. waveforms of type with high burst noise and type 
controlled for burst noise. 




TO 


Fig.2— Block diagram of burst-noise "popcorn" test equipment. 


fer CURRENT (Iq)»I 0CVA j 


Fig.3~l/g vs. Frequency for CA607BA T. 


SUPPLY CURRENT (Iq)«2»A~ 


Fig.4~E(g vs. Frequency for CA6Q78AT. 
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CA6078, CA6741 Types 


ELECTRICAL CHARACTERISTICS - CA6078AT, For Equipment Design. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 
Supply Volts: V+ - 6, V“ - -6 
Ta ■ 25°C, Iq-20//A 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Noise Characteristic j 

"Popcorn" 
(Burst) Noise 


Bandwidth ■ 1 kHz 
RSI “ RS2 - 200 k« 

Device isrejected if thetotai noise voltage 
(burst + 1/f), referred to input, exceeds 
20 nV peak, during a 30-sec. test period. 

Principal Characteristics (For detailed Electrical Characteristics refer to CA3078AT Data Bulletin, File No. 536.) ~j 

Input Offset Voltage 

VlO 

RS^IOkfi 

- 

0.7 

heh 

Hi 

Input Offset Current 

> 10 


- 

0.5 

15 


Input Bias Current 

1|B 


- 

7 

12 


Open-Loop 
Differential 
Voltage Gain 

aol 

RL^IOkn 
Vo - ±4V 

40,000 

100,000 

_ 


92 

100 


dB 

Common-Mode Input Voltage Range 

ks^im 

V + = V-- 15 V 

EB 

- 

- 

V 

Common-Mode Rejection Ratio 

hbeh 

Rs^iokn 

80 


- 

Hi 

Output Voltage Swing 


rl£ ion 


HDD 

- 

H 

RL 2 kfl 

- 

±14 

- 

Supply Current 




- 

20 

25 

hh 


ELECTRICAL CHARACTERISTICS - CA6741T, For Equipment Design. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 
Supply Volts; V+ - 15, V~ - -15 
Ta - 25°C 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

| Noise Characteristic | 

"Popcorn" 
(Burst) Noise 


Bandwidth - 1 kHz 
«S1 * «S2 * 100 kfl 

Device isrejected if thetotai noise voltage 
(burst + 1/f), referred to input, exceeds 
20 p\i peak, during a 30-sec. test period. 

| Principal Characteristics (For detailed Electrical Characteristics refer to CA3741T Data Bulletin, File No. 531.) j 

Input Offset Voltage 

V|0 

Rs£10kf2 


1 

5 

mV 

Input Offset Current 

•lO 


- 

20 

200 

nA 

Input Bias Current 

<IB 


- 

80 

500 

nA 

Open- Loop 
Differential 
Voltage Gain 

aol 

RL ^ 2 kfl 
Vo = ±io V 

50,000 

200,000 



94 

106 

- 

dB 

Common-Mode Input Voltage Range 

VlCR 


±12 

±13 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

RS^ 10kf2 

70 

90 

- 

dB 

Output Voltage Swing 

V 0 (P-P) 

RL^10kf2 

±12 

±14 

- 

V 

RL^2kft 

±10 

±13 


Supply Current 

IQ' 


- 

• 1.7 

2.8 

mA 
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Fig.S-l/g vs. Frequency for CA6741T. 
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Fig.6—EN vs. Frequency for CA6741T. 



ENT (IN): TOTAL NOISE VOLTAGE, REFERRED TO INPUT 

(READING OBTAINED WITH QUAN-TECH METER) 

•2CS-20264 


Fig. 7— Test block diagram for Eft. 



Fig. 8- Test block diagram for l/g. 
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CA270 Types 

TV Synchronous Demodulators 


For Color and Black-and White TV Systems 

The RCA-CA270AW, CA270BW, and CA- 
270CW are integrated circuits which perform 
the functions of synchronous detection of 
the TV if, video amplification and buffering, 
and noise inversion on dual-polarity wave- 
forms. These devices also offer age and afe 
facilities for use with n-p-n transistor if ampli- 
fiers and tuners. Both positive and negative 
polarities of video output are available. This 
feature provides great flexibility by permitting 
the designer to use either output for deriving 
the video and sound channels. 

The RCA-CA270 series is pin-compatible and 
electrically similar to the industry series 
TCA270, but incorporates several improved 
features. In particular, improved white noise 


inversion and sync inversion systems force 
overshoots in the video waveform to be 
returned to accurately defined potentials. 
This design effectively removes dependence 
on both the degree of overshoot and tempera- 
ture variations. In addition, reduced current 
consumption assures lower over-all power 
dissipation, thereby improving reliability. 

The three types are electrically identical in 
most parameters. The CA270B has the most 
stringent limits on white level, video in- 
version, and afe dc offset. The CA270C has 
the least stringent limits on white level and 
video inversion, and no afe limits. 

The CA270 series is supplied in a 16-lead 
staggered quad-in-line plastic package ("W" 
suffix). 


Features: 

■ Synchronous detector with single tuned coil 

■ Provides rf and if age (forward) 

■ Tuner afe available with single quadrature coil 

■ Dual-polarity noise inverters 

■ Video amplifier 

■ Positive- and negative-polarity buffered video 

■ Differential if input 

■ Optional use of gating pulse 

■ Low-voltage, single-polarity power supply 


IF IN 
IF IN 
V + (SUPPLY) — 
AGO (TUNER) 
AGC(IF) — 
AGC (FILTER) 
GATE (NEC.) — 
N.C. 



16 — V~ (GND) 

15 I — DEMOD. COIL 
DEMOD. COIL 
AFC COIL 

E AFC COIL 
AFC OUTPUT 
-VIDEO OUTPUT 
OR + SYNC 
♦ VIDEO OUTPUT 


92CS-26935 


Terminal assignment. 


. TUNING 


AMPLIFIER 

LIMITER 


— Clp) — 


SYNCHRONOUS 

DEMODULATOR 


VIDEO PROCESSOR 
AND 

NOISE INVERTER 



1 

AFC 


AGC 

DETECTOR 


PROCESSOR 



-VIDEO 

, 

AGC OUTPUTS 
TUNER 




X XgATE PULSE 
“ ^ INPUT 



Fig. 1- 


AFC 

OUTPUT 

‘S1 4ND ff™ -inr«OPT,ONAL, 

ONLY) 

92CM -26927 


■Functional block diagram of CA270AW, CA270BW, and CA270CW 
TV synchronous demodulator. 


TUNER RF STAGE 


MAXIMUM RATINGS, 

Absolute-Maximum Values at T^=25°C: 

DC SUPPLY VOLTAGE (Between Terminals 3 
and 16 for 10 s max., with current limited 

to 100 mA) 18 V 

DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T a = 55°C . . . derate linearly 7.9 mW/°C 
OPERATING TEMPERATURE RANGE 

—40 to +55° C 

STORAGE TEMPERATURE RANGE 

-65 to +150°C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16" ±1/32" (1.59 ±0.79 mm) 
from case for 10 s max +265°C 




” 92CS— 26928 

Fig. 2— Supply-current test circuit. 


\ i 1 1—* i 47_j_ n 

H I 4^ j I 4rl nF~r 11 NC 

Cj)(p(^(^Cp(^)(|)(p 


IF CONTROL STAGE 


O0PTI0NAL LINE GATING 

O 


r i 

r i 

r V 

II . 

56 pF ' 
II . 

Hh 

0.6 pF 

* 

II 1 
0.6 pF 

47 pF 

Hh 

II 1 


DEMOD. AFC 

TANK QUAD. 

CIRCUIT CIRCUIT 

*L1 = L2 = 7 turns 26 swg tna wire 

3: 0.3 uh; Q (unloaded) - 125 
Coil O.D. = 0.220" (5.6 mm) 

Freq. = 38.9 MHz 
a CA 270CW is not specified for AFC. 
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Fig. 3— Typical application circuit for CA270AW and CA270BW. 
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CA270 Types 



Fig. 4-Test circuit for CA270AW, CA270BW. and CA270CW. 


ELECTRICAL CHARACTERISTICS at T A = 25°C, Supply Voltage (V + ) = 12 V, 
and Referenced to Test Circuit (Fig. 4). 


CHARACTERISTIC 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage, V + 

V+=12 V 

10.2 

12 

13.8 

V 

Supply Current, l + 
(See Fig. 2) 

V + =12 V 

22 

40 

56 

mA 

Video Characteristics: 







DC Output Voltage, 


CA270AW 

5.7 

6 

6.3 


Term.9 (See Fig. 5) 

Zero Signal 

CA270BW 

5.8 

6 

6.2 

V 



CA270CW 

5.5 

6 

6.5 


DC Output Voltage, 


CA270AW 

5.6 

6 

6.4 


Term. 10 (See Fig. 5) 

Zero Signal 

CA270BW 

5?7 

6 

6.3 

V 



CA270CW 

5.5 

6 

6.5 


Sync Tip Output 

Output=AGC thres- 


- 

3 

- 

V 

Voltage, Term.9 

hold (non-gated) 






AC Input Voltage, 

Input for output= 


50 

70 

100 

mV 

Terms. 1,2 

AGC threshold 






Input Res. , Term. 1 


- 

3.3 

- 


Input Res., Term.2 


- 

3.3 

- 

k£2 

Video Bandwidth, 
Term.9 

At output = — 3 dB 

- 

5 

- 

MHz 

Differential Gain 

See Note 1 

- 

l 

10 

% 

Differential Phase 

See Note 1 

- 


10 

deg 

Inter mod. Products: 







Beat Freq.,1.6 MHz 

See Note 1 (95% sat. 


- 

- 

-60 

dB 

Beat Freq.,2.8 MHz 

blue colour bar) 


- 

- 

-67 

dB 

Rejection at Carrier 

F=Video Carrier;Vjjsj 


-40 

- 

- 

dB 

Freq., Terms.9,10,1 1 

for Term.9(dc)=3.7V 






Rejection,Twice Carrier 

F=2X Video Carrier; 


-40 

- 

- 

dB 

Freq.,Terms.9,10,1 1 

V |fsj for Term.9(dc) 
=3.7 V 






AGC Characteristics: 







Sat. Voltage, Term.4 

Zero Sig.; I 4 = 10 mA 


- 

- 

0.3 

V 

Sat. Voltage, Term.5 

Zero Sig.; I 5 = 10 mA 

0.7 

- 

1.2 

V 



JT 

/\A/WWWW\AA/w vl ° 


vwvwvwwww V9 

(2.7 V GATED) | 4 I - 

1 

1 HOR. SCAN 

TIME — /is 
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Fig. 5— Typical waveforms for video outputs. 



Fig. 6- Typical AFC characteristic. 



92CS-26933 

Fig. 7— Typical AGC characteristics. 



92CS-26934 

Fig. 8— Typical transfer characteristics. 
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CA270 Types 


ELECTRICAL CHARACTERISTICS at T A = 25°C, Supply Voltage (V+) = 12 V, (Cont'd) 
and Referenced to Test Circuit (Fig. 4). 


CHARACTERISTIC 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Breakdown Voltage, 
Terms. 4,5 

I4 or 15=1 mA (sink) 

14 

- 


V 

Control Current, 
Terms. 4,5 


10 

- 

- 

mA 

Current Ratio I4/I5 

I5 = 1 mA 

6 

- 

- 


Input Signal Increase 

AGC from threshold 


- 

- 

0.5 

dB 

with resp. to AGC 
Threshold (See Fig. 7) 

to max. 






AGC Gating Pulse Input, 

Pulse voltage=V + to 0; 


2 

- 

V + 

V 

Term. 7 (optional) 

See Note 2 






Input Res., Term. 7 


- 

1.8 

- 


AFC Characteristics: 







(See Fig. 6) 


CA270AW 

10 

- 

- 


Output Voltage, 

f = f Q ± 0.2 MHz 

CA270BW 

10 

- 

. - 

V P-P 

Term. 1 1 


CA270CW 

- 

- 

- 

Output Voltage, 


CA270AW 

10 

- 

- 


Term. 1 1 

f = f Q ± 1.2 MHz 

CA270BW 

10 

- 

- 

Vp.p 



CA270CW 

- 

- 

- 

DC Offset Voltage, 

Zero Sig.; measured 

CA270AW 

-1.7 

- 

1.7 


Term. 1 1 

across R |_ = 

CA270BW 

-1 

- 

1 

V 


50 K£2 to +6 V 

CA270CW 

- 

- 

- 


Noise Inverter 
Characteristics: 






' 

Inversion Threshold, 
Term. 9 

Positive noise pulses 


— 

6.6 

— 

V 

Inversion Threshold, 
Term. 9 

Negative noise pulses 

— 

2.2 

- 

V 

Noise Inversion 

Signal inversion threshold 

- 

10 

- 

mV 

Sensitivity, Term. 9 

for complete inversion 






Video Inversion 
Characteristics: 







Video Inversion, 

Carrier increase 

CA270AW 

- . 

- .. 

0.2 


Term. 9 (at 

from 0 to 5 mV 

CA270BW 

- 

- 

0.1 

V 

low carrier levels) 

(appx.8% carrier) 

CA270CW 

- 

- 

0.3 



Note 1 : CCIR modulation system, peak white = 10% carrier. 

Note 2: Maximum pulse amplitude must never exceed the supply voltage (V + ). 


APPLICATIONS 


The diagram shown in Fig. 3 is typical of the 
type of circuit used in a practical application 
of the CA270 series devices. 

Video Detector 

The if input signal may be applied push-pull 
to terminals 1 and 2, or single-ended to either 
terminal 1 as shown, or to terminal 2. These 
input terminals are internally biased. 

The detector tank circuit can be tuned by 
applying a 50 mV cw signal of video if fre- 
quency to the input and adjusting the in- 
ductor LI for maximum differential output 
between terminals 9 and 10. The input sig- 
nal is then reduced to 25 mV and LI is re- 
adjusted for maximum output. 


AFC Detector 

The afc quadrature tank circuit should be 
tuned only after the detector adjustment has 
been made. Using the same input signal, in- 
ductor L2 should be adjusted for 6 V dc 
output at terminal 1 1 . The 0.5-pF quadrature 
phase-shift coupling capacitors can affect 
symmetry and actual values will depend on 
the layout used. When LI and L2 are properly 
tuned, the output swing at terminal 11 will 
be 10 volts minimum for frequencies of 
±0.2 MHz to ±1.2 MHz about the if carrier 
frequency. 


AGC Detector 

The age threshold, corresponding to sync tip 
level, is approximately 3 volts at terminal 9. 
Full age potential will be developed if the 
input signal increases by 0.5 dB maximum 
with respect to the threshold value. The age 
control at terminal 4 is intended for tuner 
control. The age control at terminal 5 is for 
forward age control of n-p-n transistors in the 
if amplifier. When sinking 10 mA, the zero- 
signal age voltage at terminal 4 is 0.3 volt 
maximum; at terminal 5, it is 1.2 volts maxi- 
mum. 

The design of the device is such that the sink 
current at terminal 4 is a minimum of 6 times 
that at terminal 5. The rf age sink current be- 
gins to decrease when the if sink current is 
about one-sixth of that required to saturate 
the rf age output at terminal 4. The rf age 
delay may be adjusted by means of a variable 
resistor between terminal 5 and ground. This 
adjustment modifies the if system gain, thus 
affecting the rf delay threshold. At maximum 
gain the current into terminal 5 is large com- 
pared to the current in the variable resistor 
and adjustment is ineffective. As the signal 
increases and rf age is applied, the terminal 5 
sink current approaches zero and the if age is 
determined by the value of the variable re- 
sistor. 

A horizontal gating pulse may be applied to 
terminal 7 to gate the age detector. The 
age threshold (sync tip) decreases approxi- 
mately 0.3 volt at terminal 9 when gating is 
used. The gating pulses must be negative- 
going with a recommended minimum ampli- 
tude of 3 volts. They may be ac or dc coupled, 
but the maximum peak value must not ex- 
ceed the dc supply voltage at terminal 3. If 
dc coupling is used, the potential during fly- 
back should be less than 0.5 volt and during 
scan, greater than 1.5 volts. 

Noise Inverter 

Noise pulses in excess of 6.6 volts at terminal 
9, which would result in "white spots", are 
processed in the device by inverting and 
clamping them to near black level (approx. 
3.6 V). Noise pulses at levels of less than 2.2 
volts at terminal 9 which would result in 
sync noise interference, are inverted and 
returned to black level. 

Complete inversion occurs for signals TO mV 
above the inversion threshold. 
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CA758E 


RC Phase-Locked-Loop Stereo Decoder 


For FM Multiplex Systems 

RCA-CA758E is a monolithic silicon integrated circuit RC 
phase-lock loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA758E is pin compatible and electrically equivalent to 
industry types pA758, MCI 31 IP, LM1800, and ULX2244. 

The CA758E decodes the multiplexed stereo input signal into 
left and right channel audio output signals. The decoder also 
suppresses SCA (storecast) transmissions when present in the 
composite stereo signal. 

MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 

DC Supply Voltage 

DC Supply Voltage (for <a 15-second period) 

DC Voltage at Term. 7 (Lamp Driver Circuit with Lamp "OFF") . 

Device Dissipation: 

Up to T a = 70°C .... 

Above T a = 70°C derate linearly 
Ambient Temperature Range: 

Operating 
Storage 

Lead Temperature (During soldering): 

At a distance not less than 1/32" (0.79 mm) 
from case for 10 s max 


The decoder uses a minimum of external components, and 
requires one adjustment (oscillator frequency) for complete 
alignment. In addition, the CA758E provides automatic mono- 
stereo mode switching and energizes a stereo indicator lamp. 
The CA758E is supplied in a 16-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 


Features: 

■ Low distortion (THD): 0.4% (typ.) 

■ Excellent SCA rejection: 70dBtyp. 

■ RC oscillator 

■ High-audio-channel separation: 45 dB 

■ Power supply range: 10to16Vdc 

■ Requires only one adjustment for complete alignment 

■ Low-impedance outputs 

■ Stereo indicator lamp drive: 150 mA typ. 


osc. 

RC NETWORK 

9 


+ 18 V 
+22 V 
+22 V 

730 mW 
9.1 mW/°C 

-40 to +85°C 
-65 to +150°C 


+265°C 


SWITCH >0 

FILTER FIL 


© ® 


PHASE 

-LOCK 

DETECTOR 


36-kHi 
TO 19 kH< 

’ QUADRATURE 
DIVIDER 




PILOT 

PRESENCE 

OETECTOR 


TO 19+Hi 
IN-PHASE 
DIVIOER 


® < 8 > 

LEFT RIGHT 
CHANNEL 
DE -EMPHASIS 

Fig. 1 - Functional block diagram of the CA758E. 


S2CM-2»0* 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

(Referenced to Fig 7 unless otherwise specified) 

LIMITS 

UNITS 

V+ - 12 V, T a - 25 °C 
Multiplex Input Signal (L-R, pitot "OFF") 
- 300 mV RMS 

19-kHz Pilot Level - 30 mV RMS 
f (modulation) ** 400 Hz or 1 kHz 

Min. | Typ. | Max. 

Static Characteristics j 

Total Current 

Lamp "OFF" 

- 

26 

35 

mA 

Maximum Available Lamp Current 


75 

150 

- 

mA 

DC Voltage at Term. 7 (Lamp Driver) 

1 (Lamp) = 50 mA 

- 

1.3 

1.8 

V 

DC Voltage Shift at either Term. 4 
or 5 (Output) 

Stereo-to-Mono Operation 


30 

150 

mV 

Dynamic Characteristics | 

Power Supply Ripple Rejection 

For a 200-Hz, 200-mV RMS Signal 

35 

45 

- 

dB 

Input Resistance 


20 

35 

- 

kn 

Output Resistance 


0.9 

1.3 

2.0 

kn 

Channel Separation (Stereo) 

At f = 100 Hz 

- 

40 

- 

dB 

f = 400 Hz 

30 

45 

- 

dB 

f= 10kHz 

_ 

45 

- 

dB 

Channel Balance (Monaural) 


- 

0.3 

1.5 

dB 

Voltage Gain 

At f = 1 kHz 

0.5 

0.9 

1.4 

V/V 

Pilot Input Level: 
19-kHz Input 

Lamp "ON" 


15 

20 

mV RMS 

19-kHz Input 

Lamp "OFF" 

2.0 

7.0 

- 

mV RMS 

Hysteresis 

Lamp "OFF" 

3.0 

7.0 

- 

dB 

Capture Range (Deviation from 
76-kHz Center Frequency) 


±2.0 

±4.0 

±6.0 

% 

Total Harmonic Distortion 

Multiplex Input Signal = 600 mV RMS 
(Pilot "OFF") 

- 

0.4 

1.0 

% 

19-kHz Rejection 


25 

35 

- 

dB 

38-kHz Rejection 


25 

45 

- 

dB 

SCA (Storecast) Rejection 

Measured Composite Signal: 80% Stereo, 
10% Pilot, 10% SCA 

- 

70 

- 

dB 

Voltage-Controlled Oscillator (VCO) 
Tuning Resistance 

Total Resistance (Term. 15 to 8) 
required to set 

f REF = 19 kHz ± 10 Hz (Term. 11) 

21.0 

23.3 

25.5 

kn 

Voltage-Controlled Oscillator 
Frequency Drift 

0° <T a <25°C 

- 

+0.1 

±2 

% 

25°<T a <70°C 

- 

-0.4 

±2 

% 
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CA810, CA810A Types Preliminary Data 

7-Watt Audio Power Amplifier 
With Thermal Shut-Down 


Features: 


The RCA-CA810Q,CA810AQ, CA810QM and 
CA810AQM are monolithic audio amplifiers 
intended for class B operation. They are 
specifically designed for mobile equipment 
operating from 12-V battery supplies. They 
operate over a wide range of supply voltages 
(4 to 20 V) with very low harmonic and 
crossover distortion. The maximum repeti- 
tive peak output current is 2.5 A, and an 
integral thermal limiting circuit shuts the 
device down in case of output overload or 
excessive package temperature. 

The CA810Q, CA810AQ, CA810QM, and 
CA810AQMare supplied in modified 16-lead 
quad-in-line plastic packages ("Q" suffix) 
with integral wing-tab heat sinks. The tabs 
on the CA810Q and CA810AQ are bent 
down for p.c. board insertion, and on the 
CA810QM and CA810AQM they are flat and 
pierced for easy attachment to an external 
heat sink. 

The CA810Q and CA810QM are electrically 
equivalent to types TBA81 OS and TBA810AS, 
respectively. It should be noted that pin- 


_ ■ Power output - 7 W with 4f2 load 

■ Supply voltage range - 4 to 20 V 

numbering conventions for these devices ■ Peak output current - 2.5 A (max.) 
may differ from manufacturer to manu- ■ Very low harmonic and cross-over distortion 
facturer, however the devices are pin com- ■ Load dump voltage surge protection (CA810AQ 
patible and interchangeability is not affected. and CA810AQ M) 

The CA810AQ and CA810AQM are electri- load dum P Overvoltage) voltage surge 
cally the same as the CA810QandCA810QM, Protection circuit. This feature makes the 
respectively, except for the inclusion of a CA810AQ and CA810AQM ideally suitable 

for automotive applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

PEAK SUPPLY VOLTAGE (50 ms) (CA810AQ, CA810AQM) 40 V 

OPERATING SUPPLY VOLTAGE . 20 V 

OUTPUT PEAK CURRENT: 

REPETITIVE 2.5 A 

NON-REPETITIVE 3.5 A 

POWER DISSIPATION, P n 


THERMAL RESISTANCE, JUNCTION 


CA810Q CA810QM 
CA810AQ CA810AQM 

Junction to tab 12 10 °C/W 

Junction to ambient 70* 80 °C/W 

AMBIENT-TEMPERATURE RANGE: 

OPERATING — 40°C to (Refer to Fig. 7 for typical high-temperature limit) 

STORAGE —40 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10s max 260°C 

*Value obtained with tabs soldered to printed-circuit board. 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 
~ ~ TEST CONDITIONS 

CHARACTERISTIC SYMBOL Supply Voltage (V + ) = 14.4 V 


CA810Q,CA810AQ 
C A8 1 0QM,C A8 1 0AQM 




Unless Otherwise Specified 

MIN. 

TYP. 

MAX. 


Supply Voltage 

V + 


4 

- 

20 

V 

Input Voltage 

V| 


- 

- 

220 

mV 

Input Sensitivity 

e l 

P 0 = 6W, R l = 4£2, R1 = 56£2, 
| f = 1 kHz 

— 

80 

- 

mV 

Quiescent Output 
Voltage 

v O 


6.4 

7.2 

8 

V 

Quiescent Current 
Drain 

! 0 


— 

12 

20 

mA 

Input Noise 
Voltage 

e N 

R g = 0, BW (—3 dB) = 20 to 
20,000 Hz 

- 

2 

- 

MV 

Bias Current 

'IB 


- 

0.4 

- 

juA 

Output Power 

P 0 

f= 1 kHz, R L = 4£2, V + = 14.4 V 

- 

6 

- 

W 



THD =10% y+ = e V 

- 

1 

- 


Input Resistance 

R i 


- 

5 

- 


Total Harmonic 
Distortion 

THD 

P 0 = 50 mW to 3W, R L 4£2, 
f = 1 kHz 

- 

0.3 

- 

% 

Open-Loop 
Voltage Gain 

a ol 

R L = 4H, f= 1 kHz 

- 

80 

- 

dB 

Closed-Loop 
Voltage Gain 

A 

R L = 4ft,f= 1 kHz, RI = 56r2 

34 

37 

40 

dB 

Efficiency 

V 

P 0 = 5W, R L = 4£"2; f = 1 kHz 

- 

70 

- 

% 
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CA810, CA810A Types 


BOOTSTRAP 




Fig. 3 - Schematic diagram of CA810AQ, CA810AQM. 


Thermal Shut-Down 

The thermal-limiting network incorporated in 
the CA810 Series circuits provides protection 
against damage due to excessive semiconductor 
temperatures that may result from high ambient 
temperatures and/or excessive dissipation, e.g., 
as encountered in sustained overloads. As in- 
dicated in Fig. 2 the thermal-limiting feature 
automatically reduces the supply current (and 
output power) at the higher temperatures. 



CASE TEMPERATURE (Tc> — »C 92CS-25043RI 

F'9- 2 — Typical output power and drain current as 
a function of case temperature for all types. 


Load-Dump Voltage-Surge Protection 

The maximum operating supply voltage of 
the CA810AQ and CA810AQM is 20 V, and 
internal protection is provided for peaks of 
up to 40 V, as shown in Fig. 4. Supply- 
voltage peaks of more than 40 V will require 
an LC network between the supply and 
terminal 5. An LC network, such as the 
one shown in Fig. 8, provides protection 
against supply-voltage surges of up to 120 V 
for 2 ms. This type of protection is ON when 
the supply voltage (pulsed or dc) exceeds 
20 V. 


v+ (v) 



Fig. 4 — Load-dump (overvoltage) voltage surge pro- 
tection network and timing diagram for 
CA810AQ and CA810AQM. 
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CA810, CA810A Types 


v + 



CA810AQ and CA810M, CA810AQM. 



92CS-25042 


Fig. 6 — Bottom view of printed-circuit boards 

shown in Figs. 7 and 8. 



Circuit heat is dissipated by a combination of free air resistance of ^ 5°C/W. Vertical bracket should make 
and printed-circuit board foil. good thermal contact to chassis. 

Fig. 7 - Component view of printed-circuit board Fig. 8 - Component view of printed-circuit board 

for CA810Q and CA810AQ. for CA810QM and CA810AQM. 


V©- 

NC0- 
NC — - 

6ND 

BOOTSTRAP (?) — 

COMPENSATION (7)— 
FEEDBACK ( b )— 


— (Te) OUTPUT 
— ( @ NC 

— (m)gnd 

1^12/13^ GND,V~ 

— (u)v- (SUBSTRATE) 

— (Tc)) INPUT 

—( 9 ) RIPPLE 
J ^REJECTION 


92CS-241 3 IRI 

Fig. 9 - Terminal diagram of CA810Q, CA810AQ 
and CA810QM, CA810AQM. The wing 
tabs on the CA810Qand CA810AQare 
bent down, and on the CA810QM and 
CA810AQM they are flat and pierced. 
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Preliminary Data 


CA920AE 


TV Horizontal Oscillator 


For Color and Monochrome Receivers 


The RCA-CA920AE* is a silicon monolithic 
integrated circuit intended for use in the 
horizontal stages of color and monochrome 
television receivers. This device performs 
the functions of a sync separator, noise gate, 
and horizontal oscillator with dual-time-con- 
stant switching in the fly-wheel loop. It 
also generates automatic phase control be- 
tween horizontal flyback pulses and the 
horizontal oscillator frequency and provides 


fast edge switching drive for transistor or 
thyristor horizontal output stages. 

The CA920AE is compatible with the indus- 
try type TBA920 in both lead arrangement 
and electrical operation, although the CA- 
920AE features reduced operating current. 

The CA920AE is supplied in the 16-lead 
dual-in-line plastic package. 

♦Formerly Dev. Type No. TA6773. 


Features: 

■ Sync separator 

■ Noise gate input 

■ Internal precision timing ramp 

■ Dual-time-constant phase-locked loop 

■ Output suitable for transistor or 

thyristor deflection systems 

■ Reduced power dissipation 


MAXIMUM RATINGS, Absolute Maximum Values: 

DC SUPPLY VOLTAGE . . . 

DEVICE DISSIPATION: 

UptoT A = 55°C 

Above T a = 55° C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 

At a distance not less than 1/32" (0.79 mm) from case for 
10 seconds max 


13.2 V 

750 mW 

Derate linearly at 7.9 mW/°C 

—40 to +85°C 
. . . . — 65to+150°C 

+265°C 
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CA920AE 


ELECTRICAL CHARACTERISTICS at T A - 25°C, and Supply Voltage (V + ) = 12 V, 
Unless otherwise specified. See Fig. 1. 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

Min. 

Typ. 

Max. 

Supply Current, Term. 1, I + 

Term. 2 open 


22 


mA 

Video Characteristics (Term. 8 ): 






Input Voltage Vs 

Peak to peak 

1.5 

3 

6 

V 

Input Current Is 

Peak 

. 


10 

mA 

Noise Gate Characteristics 






(Term. 9): 

Input Current Ig 


0.03 


10 

mA 

Reverse Input Current I 9 




-10 

mA 

Horizontal Flyback Positive 






Pulse Characteristics (Term. 5) : 
Input Voltage V 5 


1 


3 

V 

Input Current I 5 


0.05 

1 

10 

mA 

Input Impedance 25 



0.4 


kft 

Positive Sync Characteristics 






(Term.7): 

Output Voltage V 7 

Peak to peak 


10 


V 

Output Impedance Z 7 

Leading edge 


50 


ft 

Output Impedance Z 7 

Trailing edge 


100 


ft 

Horizontal Output Charac- 






teristics (Term.2): 

Output Current I 2 MAX 

Peak 



200 

mA 

Output Current I 2 AV 

Average 



20 

mA 

Output Pulse Width tyy 


12 


32 

jLIS 

Output Impedance Z 2 

Leading edge 


2.5 


ft 

Output Impedance Z 2 

Trailing edge 


15 


ft 

Horizontal Oscillator Char- 






acteristics (Term. 15): 
Free-Running Frequency f Q 

No sync input 

14.84 

15.625 

16.41 

kHz 

Free-Running Frequency f Q 

V+ = 4.5 V 

14.06 

(Note 1) 

17.19 

kHz 

Oscillator Cut-out Voltage 

V + varied 


4.0 


V 

Oscillator Pull-in Range 



± 1.0 


kHz 

Phase Control (Note 2) 




15 

Ms 


Note 1 : Free-running frequency at 12 V adjusted to 15.625 kHz. 

Note 2: External delay between the leading edge of output pulse at Term. 3 and the start of 
the horizontal flyback pulse. 
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CA1190GQ 


TV Sound IF and Audio Output Subsystems 


"GQ" Suffix Type - Hermetic Gold-CHIP in Features: 

Quad-In-Line Plastic Package ■ Nominal power output: 4 W at V + =24 V, Rl= 16£2, dist. 

= 10%; 2 W at V+=12 V, R L = 8£2, dist. =10% 


The RCA-CA1190GQ combines the sound 
IF and audio output subsystems on a single 
monolithic integrated circuit to provide a 
television sound system. Each device in- 
cludes a multistage IF amplifier-limiter, an 
FM detector, and an audio power amplifier 
that is designed to drive, primarily, an 8-, 
16-, or 32-ohm speaker. 


■ Wide power-supply range: 9 to 28 V ■ Excellent AM rejection: 50 dB typ. 

■ Low quiescent current: 25 mA typ. ■ Differential peak detector - requires one 

■ 5-kHz deviation sensitivity: 1 W output typ. tuned coil 

■ 3-d B limiting sensitivity: 50 \x\J typ. ■ Electronic volume control with improved 

taper and single wire control 

ELECTRICAL CHARACTERISTICS at T A = 25°C, V+ = 24 V, DC Volume Control Rx = 0 to, 
RL = 16 £2 unless otherwise indicated. Refer to Fig. 1. 


The CA1190GQ is electrically and mechani- 
cally equivalent to industry type TDA1 190Z. 
The CA1 190GQ differs from the TDA1 190Z 
primarily in its provisions for external feed- 
back components and a higher value volume 
control. 

The CA1190GQ is supplied in the hermetic 
Gold-CHIP (G suffix) 16-lead quad-in-line 
plastic package with an integral bent-down 
wing-tab heat sink (Q suffix), intended for 
printed circuit board mounting. 

The transistor chips used in the hermetic 
Gold-CHIP plastic package are of the sealed- 
junction type designed to provide protection 
against the deteriorating effects of humidity 
and other surface contaminants without the 
need for a hermetic package enclosure. The 
semiconductor junctions are sealed by utili- 
zing a silicon nitride passivation layer. A 
multi-layered, highly corrosion-resistant, ter- 
minal-connection system of unique design 
is employed. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ.| Max. 

Static Characteristics 1 

Current into Term. 14 

o 

n 

o 

CL 

10 

25 

40 

mA 

Dynamic Characteristics j 

IF Amplifier: 

Input Limiting Voltage, 

(At -3 dB point), V-| (lim) 

f Q = 4.5 MHz, f m = 400 Hz 
Af = ±25 kHz 

- 

50 

100 

MV 

AM Rejection, AMR 

f Q = 4.5 MHz, f m = 400 Hz, 
Modulation Index = 0.3, 

V|N = 1 mV 

40 

50 

- 

dB 

Deviation Sensitivity 

f 0 = 4.5 MHz, f m = 400 Hz 
Af = ± 25 kHz, V| = 1 mV 
Rx = 0, Deviation necessary 
to obtain 4 Vrms across 
16 0(1 W) 

- 

5 

- 

kHz 

Minimum Audio Output 

f 0 = 4.5 MHz, f m = 400 Hz 
Af = ± 25 kHz, V| = 1 mV 
Rx= 15 kO 

- 

- 

10 

mVrms 

Distortion at P Q = 1 .5 W 

f 0 = 4.5 MHz, f m = 400 Hz 
Af = ± 25 kHz, V|N = 1 mV 

- 

- 

3 

% 

Signal to Noise Ratio 

1 

V out at Af = 0 with Rx 
adjusted for V out = 4 Vrms 
at Af = ± 25 kHz 

50 

- 

- 

dB 


MAXIMUM RATINGS, Absolute-Maximum Valui 


DC SUPPLY VOLTAGE (Between Term. 14 

V + and ground tabs) 

OUTPUT PEAK CURRENT: 

Repetitive 

N on-repetitive 

INPUT SIGNAL VOLTAGE (Between Terms. 1 and 2) 
DEVICE DISSIPATION: 

With Infinite Heat Sink — 

Up to T A = 90°C derate linearly 

Above T A = 90°C 

With No Heat Sink — (free air) — 

Up to T A = 25°C 

Above T A = 25°C derate linearly 

THERMAL RESISTANCE: 

Junction to ground tabs 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16 in. ± 1/32 in. (1.59 ±0.79 mm) 
from case for 10 seconds max 


+ 28 

V 

1.5 

A 

2 

A 

±3 

V 

5 

w 

83.3 

mW/°C 

1.75 

W 

14 

mW/°C 

12 

°C/W 

-40 to +85 °C 

-65 to +150 °C 


+265 °C 



Fig. 1 - Block diagram of the CA 1 190GQ in a typical application. 
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CA1190GQ 


REGULATED POWER SUPPLY 



92CL-29274 


Fig. 2 — Schematic diagram. 


30 - 


CA1190GQ 



Fig. 2— Schematic diagram (cont'd). 



CA1310E 


RC Phase-Locked -Loop 
Stereo Decoder 

For FM Multiplex Systems 


Features: 

■ Low distortion (THD): 0.3% typ. 

■ Excellent SCA (storecast) rejection: 75 dB typ. 

■ RC oscillator 

■ High audio channel separation: 40 dB 

■ Operates from a wide range of power supplies: 8 to 14 V dc 

■ Requires only one adjustment for complete alignment 

■ Drives a stereo indicator lamp up to 75 mA - 
surge current limiting 


RCA-CA1310E is a monolithic silicon integrated circuit RC 
phase-lock-loop stereo decoder intended for FM solid-state 
stereo multiplex systems. 

The CA1310E is a direct replacement for industry types 
MC1310P, LM1310, and SN76115N. 

This decoder uses a minimum of external components. In 
addition the stereo decoder requires only one adjustment 
(oscillator frequency) for complete alignment. 

The CA1310E is supplied in a 14-lead dual-in-line plastic 
package and operates over an ambient temperature range of 
-40 to +85°C. 


MAXIMUM RAJiNGS, Absolute-Maximum Values 


at T a = 25°C 

DC Supply Voltage . 14 V 

Current (Lamp) at Term. 6 75 mA 

Device Dissipation: 

Up to T A = 25°C 625 mW 

Above T a = 25°C derate linearly , 5 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85°C 

Storage -65 to +150°C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) 

from case for 10 s max. +265°C 



Fig. 2 — Schematic diagram of the CA 1310E. 
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CA1310E 




JL LAMp *— stereo switch control line 

DRIVER 


Fig. 2 - Schematic diagram of the CA 1310E (Cont'd). 



CAPACITANCE VALUES ARE IN MICROFARADS. 

9ZCS-2390I 


NOTES 

A buffered 3-volt positive-going square wave is available at Term. 10. 

The alignment of the free-running oscillator frequency may be checked 

at this point with a frequency counter. 

Cl: A lower value input coupling capacitor may be used in place of 
the 2-pF value if reduced separation at low frequencies is acceptable. 

C4: The time constant for the stereo switch level detector circuit is 
calculated by C4 x 53,000 ohms ±30% with a maximum dc 
voltage drop across C4 of 0.25 volt (Term. 8 positive) and a 
pilot level voltage of 100 mV RMS. Signal voltage across C4 
is negligible. 

C5: The recommended 0.05-/iF capacitor provides a 1.75° phase 
lead at 19 kHz. 

R1 , R2: Load resistance values are related to supply voltage as follows: 
Minimum Supply Voltage 8 10 12 V 

Maximum Load Resistance 2.7 4.3 6.2 k£2 

R3, C6, C8: C8 may be omitted, R3 = 100 ohms and C6 = 0.25 pF, 
if relaxed circuit performance is acceptable. 

R4, R5, C7: If a capture range greater than ±3% typ. is required, 
reduce value of C7 and increase values of R4, R5 pro- 
portionally. However, beat-note distortion is increased 
at high signal levels because of oscillator-phase jitter. 
R4, C7 = ±1 % in test circuit and ±5% in typical application. 


Fig. 3 — Test circuit for measurement of dynamic characteristics. 
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CA1310E 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS (Referenced to Fig. 3) 

LIMITS 

UNITS 

V + = 12 V T a = 25°C 

Composite Multiplex Input Signal = 
560 mV RMS (2.8 V p-p) 

Only L or R Channel modulated; and 
with 100-mV RMS (10%) Pilot Level 

Min. 

Typ. 

Max. 

Static Characteristics | 

DC Supply Voltage 

For 8-V operation, reduce load to 2.7 kfi 

8 

- 

14 

V 

Total Current 

Lamp "OFF" 

- 

13 

- 

mA 

Dynamic Characteristics f 

Input Impedance 


20 

50 

- 

kft 

Channel Separation (Stereo) 

50 Hz - 15 kHz 

30 

40 

- 

dB 

Audio Output Voltage (For any 
one channel) 


- 

485 

- 

mV RMS 

Channel Balance 
(Monaural) 

Pilot Tone "OFF" 

- 

- 

1.5 

dB 

Capture Range (Permissible tuning 
error of internal oscillator) 


- 

±3.5 

- 

% 

Total Harmonic Distortion 


- 

0.3 

- 

% 

Ultrasonic Frequency Rejection: 
19 kHz 



34.4 


dB 

38 kHz 


- 

45 

- 

dB 

SCA (Storecast) Rejection 

f = 67 kHz, 9-kHz beat note measured 
with 1 -kHz modulation "OFF" 

- 

75 

- 

dB 

Stereo Switch Level : 

19-kHz Input Level (For lamp on) 


_ 

_ 

20 

mV RMS 

19-kHz Input Level (For lampoff) 


5 

- 

- 

mV RMS 

Maximum Composite (Stereo) Input 

0.5% THD 

2.8 

- 


V p-p 

Maximum Monaural Input 

1%THD 

2.8 

- 

- 

Vp-p 
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CA1352E 


TV Video IF Amplifier 

With AGC and Keyer Circuit 


The RCA-CA1 352E is a monolithic integrated circuit designed for 
use as an if amplifier in monochrome or color TV receivers. It 
features a high-gain gated AGC system with a 68-dB range 
(typ.). A delayed forward AGC output is adjustable by means 
of a potentiometer. Either positive- or negative-going sync may 
be used for this system. 

The CA1352E is supplied in the 14-lead dual-in-line plastic 
package, and is directly interchangeable with the industry type 
1352 in similar packages. 


Features 

■ High 45-MHz gain — 53 dB (typ.) 

■ High-gain gated AGC system — with either positive- or 
negative-going sync. 

■ Adjustable rf AGC delay to tuner 

■ AGC gain reduction - 68 dB (typ.) 


MAXIMUM RATINGS, Absolute-Maximum Values 
A ( T A “ 25 


SUPPLY VOLTAGE: 

Between terminals 4 and 1 1 18 V 

Between terminals 7 or 8 and 4 18 V 

INPUT VOLTAGE (terminal 1 or 2) 10 V p-p 

AGC INPUT VOLTAGE (terminal 6 or 10) 6 V 

DEVICE DISSIPATION: 

Up to T A = 55° C 750 mW 

Above T A = 55°C derate linearly at 7.9 mW / C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 C 

Storage —65 to +150 C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/1 6 ± 1/32 in. (1 .59 ± 0.79 mm) 

from case for 1 0 seconds max +265 C 


TYPICAL STATIC CHARACTERISTICS 
at T a - 25°C, V + = 12 V 


Total Current (l 7 + Ig + l n ) 27 mA 

Output Stage Current (l 7 + Ig) 5.7 mA 


TYPICAL DYNAMIC CHARACTERISTICS 
at T a = 25°C, V+-12V 


AGC Range 68 dB 

Power Gain 53 dB 

Minimum rf AGC Range (term. 12) 0.2 V 

Maximum rf AGC Range (term. 12) 7 V 



SYNC 

POLARITY 

* 

VOLTAGE AT 
TERMINAL 6 

* 

VOLTAGE AT 
TERMINAL 10 

X 

VALUE OF 
Rl-ft 

NEGATIVE 

5.5 V 

"V” 

~T-n 2 v 

— 0 V 

1 TO 4 V 
N0M = 2 V 

O 

POSITIVE 

1 TO 8 V 
NOM = 4.5 

_nr 

0 V 

3.9k 
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Fig. 1 - CA1352E block diagram and typical AGC test set-up. 
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CA1391E, CA1394E 

TV Horizontal Processors 


CA1391E — Positive Horizontal Sawtooth 
CA1394E — Negative Horizontal Sawtooth 

The RCA-CA1391 Eand CA1394E are mono- 
lithic integrated circuits designed for use in 
the low-level horizontal section of mono- 
chrome or color television receivers. Func- 
tions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA1391E and CA1394E are electrically 
equivalent and pin compatible with industry 
types 1391 and 1394 in similar packages. 

These types are supplied in an 8-lead dual-in- 
line plastic (Mini-DIP) package, and operate 
over an ambient temperature range of 0 to 
+85°C. 

MAXIMUM RATINGS .Absolute-Maximum 
Values at T/\ = 25° C 

DC SUPPLY CURRENT 40 mA 

DC OUTPUT VOLTAGE 40 V 

DC OUTPUT CURRENT 30 mA 

SYNC INPUT VOLTAGE 5 V p-p 

SAWTOOTH INPUT VOLTAGE . . . 5 V p . p 

DEVICE DISSIPATION: 

UptoT A = 25°C 625 mW 

Above T A - 25°C derate linearly . 5 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating . . 0 to +85°C 

Storage —65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 in. 

(1 .59 ± 0.79 mm) from case 

for 1 0 seconds max +260°C 

THERMAL RESISTANCE . . 200°C/W 

CIRCUIT OPERATION 
(See schematic diagram, Fig.2) 

The CA1391 and CA1394 contain the oscil- 
lator, phase detector, and predriver sections 
necessary for the television horizontal oscil- 
lator and AFC loop. 

The oscillator is an RC type with terminal 7 
used to control the timing. If it is assumed 
that Q7 is initially off, then an external 
capacitor connected from terminal 7 to 
ground charges through an external resistance 
connected between terminals 6 and 7. As 
soon as the voltage at terminal 7 exceeds the 
potential set at the base of Q8 by resistors 
R 1 1 and R 1 2, Q7 turns on, and Q6 supplies 
base current to Q5 and Q10. Transistor Q5 
discharges the capacitor through R4 until 
the base bias of Q7 falls below that of Q8, 
at which time, Q7 turns off, and the cycle 
repeats. 

The sawtooth generated at the base of Q4 
appears across R3 and turn off Q3 whenever 
the sawtooth voltage rises to a value that 
exceeds the bias set at terminal 8. By ad- 
justing the potential at terminal 8, the duty 
cycle at the pre-drive output (terminal 1) 
may be changed. 


Input Features: 

Input ■ Internal shunt regulator 

■ Linear balanced phase detector 

■ Preset hold control capability 

■ ±300-Hz pull-in (typ.) 


Low thermal frequency drift 
Small static phase error 
Variable output duty cycle 
Adjustable dc loop gain 


HORIZONTAL-. 
SAWTOOTH (4 
INPUT 



Fig. 1 — Functional block diagram of the CA 1391 E, CA 1 394 E. 


ELECTRICAL CHARACTERISTICS at T A = 25°C (See Fig.3) 


CHARACTERISTIC 


Supply Voltage 


Free-Running 

Frequency 

Output Leakage 


Output Saturation S1,S4, S7 = 2 

Measure term, 1 to 

S2, S5, S6, S8 = 1 
Phase Detector Bias SI , S3, S4, S7 = 2 

Measure term. 3 to 

S5, S8 = 1 

Phase Detector Leak SI , S2, S3, S4, S6, 
Measure term. 5 to 
SI , S5, S8 - 1 

Phase Detector Low S2, S3, S4, S6, S7 

Measure term. 5 to 

SI , S5, S6, S8 = 1 
Phase Detector High S2, S3, S4, S7 = 2 

Measure term. 5 to 

Phase Detector Balance Vqet2 + V DET3 

T ~ SI , S2, S3, S4,S6, 

S V nc Dlode S5, S8 = 2 

Static Phase Error 

Oscillator Pull-in Range See Fig. 4 

Oscillator Hold-in Range 

* Polarity reversed in the CA 1391, 


TEST CONDITIONS 

51, S5, S6 = 2 

52, S3, S4, S7, S8 = 1 

Measure term. 6 to Gnd 

_____ 

S2, S3, S4, S7, S8 = 1 
Counter to term. 1 
S2, S3, S6, S8 = 1 
S1,S4,S5,S7 = 2 
Measure term. 1 to 25 V 
S2, S3, S5, S6, S8 = 1 

51, S4,S7 = 2 
Measure term. 1 to Gnd 

52, S5, S6, S8 = 1 
SI, S3, S4, S7 = 2 
Measure term. 3 to Gnd 
S5, S8 = 1 

51 , S2, S3, S4, S6, S7 = 2 
Measure term. 5 to +4 V 
S1,S5,S8= 1 

52, S3, S4, S6, S7 = 2 
Measure term. 5 to +4 V 

51 , S5, S6, S8 = 1 

52, S3, S4,S7 = 2 
Measure term. 5 to +4 V 
VDET2 + VDET3 

SI , S2, S3, S4,S6,S7= 1 
S5, S8 = 2 


LIMITS | 

Min. 

Typ. 

Max. 

8 

- 

9 

14734 

- 

16734 

- 

10 

- 

- 

60 

- 

- 

1.9 

- 

-2 

- 

+2 

—0.55* 

- 

- 

+0.55* 


- 

-100 

- 

+ 100 

0.3 

- 

1.2 


0.5 

- 


±300 

- 

- 

±900 

- 
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CA1391E, CA1394E 



92CM- 26340 


The phase detector is isolated from the 
remainder of the circuit by R31, Z2, Q15 
and Q16. The phase detector consists of 
the comparator Q22 and Q23, and the gated 
current source Q18. Negative-going sync 
pulses at terminal 3 turn off Q17, and the 
current division between Q22 and Q23 is 
then determined by the phase relationship 
of the sync and the sawtooth waveform at 
terminal 4, which is derived from the hori- 
zontal flyback pulse. If there is no phase 
difference between the sync and sawtooth, 
equal currents flow in the collectors of Q22 
and Q23 during each half of the sync pulse 


Fig.2 - Schematic diagram of CA 1391E, CA 1394E. 


period. The current in Q22 is turned around 
by current mirror Q20 and Q2 1 so that there 
is no net output current at terminal 5 for 
balanced conditons. When a phase offset 
occurs, current flows either in or out of 
terminal 5. In circuit applications, this ter- 
minal is connected to terminal 7 through an 
external low-pass filter, thereby controlling 
the oscillator. 

Shunt regulation for the circuit is obtained 
by using a VgE and zener multiplier. Re- 
sistors R13 and R14 multiply the VgE of 
Q11, and the ratio of R15 and R16 mul- 
tiplies the voltage of the zener diode Z1. 



POSITIVE PULSE WIDTH A TERM I 


92CS-2875I 

Fig-3 - Duty cycle at the pre-drive output (term. 1) 
as it is affected by the input at term. 8. 



Fig.4 — DC test circuit. 


Fig. 5 — Typical circuit application. 
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CA1398E 

Television Chroma Processor 


RCA-CA1398E is a monolithic silicon integrated -circuit chroma 
processor containing chroma-amplifier and gain-control, color- 
killer, color subcarrier oscillator, hue control, and ACC circuitry. 
It has been designed for interchangeability with other "1398"- 
type chroma-processor devices. It functions compatibly with 
the RCA-CA3125E Chroma Demodulator as well as other com- 
mercially available chroma demodulators in color-TV receivers. 
Fig. 2 shows a functional block diagram of a 2-package TV 
chroma system, incorporating the CA1398E and CA3125E. The 
CA1398E is supplied in a 14-lead dual-in-line plastic package. 


> Minimum number of external components required 
i Injection-lock oscillator with internal feedback 
i DC chroma gain control and hue control circuits 
i Low-impedance internal voltage regulation 



Fig. 1 - Functional block diagram of the ca 1398E. 



Fig. 2 — TV chroma system functional block diagram. 


Maximum Ratings, Absolute-Maximum Values at T A m 25 C 

Peak Horizontal-Pulse Input Current 250 pA 

Supply Current (Terminal 14) 35 mA 

Ambient Temperature Range: 

Operating -40 to +85°C 

Storage -65 to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16*' ± 1/32" (1.59 ±0.79 mm) o 

from case for 1 0 s max 265 C 


ELECTRICAL CHARACTERISTICS at T A - 25 C and Referenced to Test Circuit (Fig. 4) 


TERMINAL 

MEASURED SWITCH 
AND POSITION 
SYMBOL (SI) 


TEST CONDITIONS 

SWITCH CONTROL SETTING 

OSITION CHROMA HUE IklLLER V burst V chroma 


MIN. TYP. MAX. I UNITS 


I mV p-p | mV p-p 


Static Characteristics 

Regulated Supply Voltage V 14 2 max. ma> 

Chroma Output Bias Vl4 to V 2 2 max. ma> 

Regulator Impedance See Note 1 2 max. ma> 

Dynamic Characteristics (Refer to Test Set-Up Procedure for Oscillator) 


Vl4 

2 

max. max. max. 

0 

0 

8.9 9.5 

11.5 

V 

V 14 to V 2 

2 

max. max. max. 

6 

0 

1.2 2.4 

3.6 

V 

See Note 1 

2 

max. max. max. 

0 

0 

- 12 

25 

ft 


Max. Chroma Gain 

V 2 

1 

max. 

max. 

Min. Chroma Gain 

V 2 

1 

min. 

max. 

ACC Action 

V 2 (dB up 
from gain test) 

1 

max. 

max. 

killer Function: 
Kill 

V 2 

2 

max. 

max. 

Unkill 

V 2 

1 

max. 

max. 

Oscillator Lock-Up: 
Voltage 

Vl3 

, 

max. 

max. 

_. /Referenced \ 

Phase ( . ) 

\to burst / 

013 

1 

max. 

max. 

Hue Control Range: 
Voltage 

Vl3 

1 

max. 

min. 

/Referenced \ 
Phase f . ) 

\ to burst / 

013 

1 

max. 

min. 


6 

5 

310 

425 

- 

mV p-p 

6 

5 

- 

- 

7 

mV p-p 

50 

50 

2 

7 

11 

dB 

0 

5 

_ 

_ 

7 

mV p-p 

'15 

5 

100 

- 

- 

mV p-p 

6 

0 

250 

340 

390 

mV p-p 

6 

0 

-20 

0 

+20 

degrees 

6 

0 

250 

340 

390 

mV p-p 

6 

0 

95 

110 

140 

degrees 


Note 1 — Measure V 14 at I SUPPLY = 38 mA and 18 mA. Calculate the regulator impedanc 
2 reg. 1 * v 14 (at 38mA)-V 14 (at 18 mA) 1/0.02 
Not* 2 - Increase the killer potentiometer resistance from minimum until the circuit unkitl 
Maintain this potentiometer setting for all the dynamic tests. 
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CA1398E 



Fig. 3 - Schematic diagram of the CA 1398E. 


TEST SET-UP PROCEDURE FOR OSCILLATOR 

Remove the horizontal keying and chroma inputs and adjust 
Cy to obtain a free-running oscillator frequency of 3.579545 


MHz ±10 Hz. Under the same Test Conditions described in the 
Electrical Characteristics Chart for Oscillator Lock-Up, vary LI 
(approx. 20 /l/H) and/or Cl (approx. 1000 pF) to obtain the 
initial conditions for amplitude and phase oscillator lock-up. 



Fig. 4 - Typical static and dynamic characteristics test circuit for the CA 1398E. 
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CA2002, CA2002M Preliminary Data 

8-Watt Audio Power Amplifier 

For Automobile Radios 


Features: 

■ Hermetic Gold-CHIP encapsulated in a 5-lead plastic 
TO-220-style package (Versa-V) 

■ Output short-circuit and thermal overload protection 

■ Drives load impedance as low as 1.6 £2 


■ Load dump voltage surge protection 

■ Output current capability of up to 3.5A 

■ Few external components 

■ Versa-V power transistor package-requires 
no electrical insulation 



TOP VIEW 


v + 

OUTPUT 

GROUND 

INVERTING INPUT 
NON INVERTING INPUT 


TERMINAL ASSIGNMENT 


The RCA-CA2002 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 1.6 £2. It provides a 
high output current capability (up to 3.5A), 
very low harmonic and cross-over distortion, 
and load-dump voltage-surge protection. 

The CA2002 is supplied in a hermetic tri- 
metal Gold-CHIP encapsulated in the 5-lead 
plastic T0-220-style Versa-V package. All 
leads (except term. 3) are electrically in- 
sulated from the mounting flange, elimi- 
nating the need for insulating hardware. 

The VERSA-V package is available with two 
lead configurations. The CA2002 has a vertical- 
mount lead form, and the CA2002M has a 
horizontal-mount lead form. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

PEAK SUPPLY VOLTAGE (50 ms) 

DC SUPPLY VOLTAGE 

OPERATING SUPPLY VOLTAGE 

OUTPUT PEAK CURRENT: 

REPETITIVE 

NON-REPETITIVE 

POWER DISSIPATION, P D at T a = 90°C 

THERMAL RESISTANCE, JUNCTION TO CASE . . . 

AMBIENT-TEMPERATURE RANGE: 

OPERATING 

STORAGE 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 1 2 s max . . 


. . 40 V 

28 V 
18 V 

3.5 A 

4.5 A 

. . 15 W 

. . 4 °C/W 

See Figure 16 
-40 to +150°C 

. . 260°C 
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Fig. 2 - Test circuit. 



Fig. 3 — Typical quiescent output voltage as a 
function of supply voltage. 
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CA2002, CA2002M 


ELECTRICAL CHARACTERISTICS at T A = 25 C, V + = 14.4 V 
Unless otherwise specified (See Figure 2) 


CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 

Min. |Typ. | Max7 


AMBIENT TEMPERATURE (T A 1*23*( 

fH 

::::::::::::::::::::::::::: 

(sssssssssssssssssssssssssss 

•aaaaaaaaaaaaaaaaaaaaaaa| 

1::::::::::::::::::::::: 

SSSSSSSSSSSSSSSSSSSSSSSSSS! 

(■■■■■■■■■■■■■■■■■■■■■■■■■■I 

(■■■■■■■■■••■■■■■■■■■■■■■■■I 
(aaaasasnaiRasaBaaaBBnBBnnsBi 
{•■■■■■■■■■■■■■■■■■■■■■■■■■I 
■ ■•■«■■■■ S •■■■■■■■■■■■!■■ a ! 
tftK8*KMaaaaaaa*B sanas nssass** 
aaaaaaaaaaaaaaaaaaaaBaaBaai 

laaaaaaaaaaaaBasaaaaaaaBai 

iSSSSSSnSiSSSSSSpSSSSSS 

aaaaaafiaaaaaiaaaaaaaaaaal 

laaBaaaaiaaaBaaaaaaaaaaal 
iBaaaBaBsaaaaaaaaaaaaBaal 
ia bb as a bb Banana anna bbbbb| 
iaaaaaaaaaaaaaaaaaaaaaaaj 


Fig. 4 - Typical quiescent drain current as a 
function of supply voltage. 
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Preliminary Data 

12-Watt Audio Power Amplifier 


The RCA-CA2004 is a monolithic silicon 
class B audio power amplifier designed for 
driving loads as low as 3.2 il. It provides a 
high output current capability (up to 3.5 A), 
and very low harmonic and cross-over dis- 
tortion. 

The CA2004 is supplied in a hermetic tri- 
metal Gold-CHIP encapsulated in the 5-lead 


plastic T0-220-style VERSA-V package. All 
leads (except term. 3) are electrically in- 
sulated from the mounting flange, elimi- 
nating the need for insulating hardware. The 
VERSA-V package is available with two 
lead configurations. The CA2004 has a 
vertical-mount lead form, and the CA2004M 
has a horizontal-mount lead form. 


CA2004, CA2004M 

Features: 

■ Hermetic Gold-CHIP encapsulated in a 5-lead 
plastic TO-220-style package (VERSA-V) 

■ Thermal overload protection 

■ Drives load impedance as low as 3.2 il 

■ Deflection amplifier capability 

■ Output current capability of up to 3.5 A 

■ Few external components 

■ VERSA-V power transistor package-requires no 
electrical insulation 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 28 V 

OPERATING SUPPLY VOLTAGE 26 V 

OUTPUT PEAK CURRENT: 

REPETITIVE 3.5 A 

NON-REPETITIVE 4.5 A 

POWER DISSIPATION, P Q at T A = 90°C 15 W 

THERMAL RESISTANCE, JUNCTION TO CASE 4°C/W 

AMBIENT-TERMPERATURE RANGE: 

OPERATING 0 to + 1 25°C 

STORAGE -40 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 12 s max 260°C 



OUTPUT 

GROUND 

INVERTING INPUT 
NON- INVERTING 
INPUT 
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TERMINAL ASSIGNMENT 



Thermal Shut-Down 

Thermal shut-down occurs if the output 
overloads (temporary or permanent), the 
ambient temperature is excessive, or the 
junction temperature is excessive. None of 
these conditions results in device damage. 
They merely cause a temporary automatic 
reduction of output power and drain cur- 
rent. 



Fig. 2 - Typical application. 


’1 


V* * 24 V 



Fig. 3 — 25 W circuit-bridge application. 
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CA2004, CA2004M 


ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 24 V 
Unless otherwise specified (See Figure 1) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply Voltage, V + 


8 

- 

26 

V 

Quiescent Output Voltage, Vq 

Measure at Term. 4 

11 

12 

13 

V 

Quiescent Drain Current, Iq 

Measure at Term. 5 

- 

40 

100 

mA 

Output Power, Pq 

THD = 10%, A = 40 dB 
f = 1 KHz 

R l = 4 12 

10 

12 


W 

R[_ = 8 12 

- 

8 

- 

Input Saturation Voltage, 
V I(RMS) 


400 

- 

- 

mV 

Input Resistance, R| (Term.1) 

f = 1 KHz 

70 

150 

- 

K12 

Open-Loop Voltage Gain, 

a ol 

R L = 812, f = 1 KHz 

- 

80 

- 

dB 

Closed-Loop Voltage Gain, 
A 

R L = 812,f = 1 KHz 

39.5 

40 

40.5 

dB 

Input Noise Voltage, efg 

Freq. Resp. = 40 to 
15,000 Hz (-3 dB) 

_ 

4 

_ 

MV 

Power Supply Rejection Ratio, 
PSRR 

R l = 412, A = 40dB, 
Rg=10K12,f ri pp| e = 100 Hz, 
V r ipple = 0-5V 

30 

35 

- 

dB 



Ultra-High-Gain Wide-Band Amplifier Array 

• Three Individual General-Purpose Amplifiers 

• Ideal for service in Remote-Control Amplifiers e.g., TV Receivers 

• Available in two electrically identical versions: CA3035 with straight 

leads; CA3035V1 with formed leads 


HIGHLIGHTS 

• Thr«« saparat* amplifiers — 

gain and bandwidth for each amplifier can be adjusted 
with suitable external circuitry 

• Amplifiers operable independently or in cascade 

• Exceptionally high cascade voltage gain - 

129 dB typ. at 40 kHz 

• Low noise performance e Wide-band response 


• All amplifiers single-ended — 

only one power supply required 

• Wide operating temperature range - 

-55°C to +125°C 

• Built-in temperature compensation 

• Hermetically sealed, all-welded 10-lead TO-5-style 

metal package with straight or formed leads 


ABSOLUTE-MAXIMUM RATINGS: 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Device Dissipation 300 mW 

Input Voltage 1 V p-p 

Supply Voltage +15V 

Lead Temperature (During Soldering): 

At distance 1/1 6 ± 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max +265°C 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST 
CONDITIONS 

TEST 

CIRCUITS 

AND 

CHARAC- 

TERISTICS 

CURVES 

LIMITS 

UNITS 

CA3035, CA3035VI 

Min. 

Typ. 

Max. 

STATIC CHARACTERISTICS 

Quiescent Operating 

V3 



- 

2 

- 

V 

Voltage 

V5 

Vcc = +9V 

Fig. 3 

- 

1.9 

- 

V 


V7 



- 

4.9 

- 

V 

Total Current Drain 

1 d 

VQC = +9V, 

Fig. 3 

3.5 

5 

7.5 

mA 



RL3 = 5Kf) 






| DYNAMIC CHARACTERISTICS j 

Voltage Gain: 








Ampl i f ier No. 1 

A| 

f = 40 kHz, 


40 

44 

- 

dB 

Amp, 1 i f i e r No. 2 

A 2 

V CC = + 9V 


40 

46 

- 
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CA3035, CA3035V1 

SCHEMATIC DIAGRAM FOR CA3035 AND CA3035V1 




STATIC CHARACTERISTICS TEST CIRCUIT 



NOISE FIGURE TEST CIRCUIT 



NOTE: SET ALL INTERNAL POWER SUPPLIES ON QUAN TECH 
NOISE ANALYZER TO ZERO VOLTS. 


Fig. 4 
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CA3041 

Wideband Amplifier, FM Detector, AF Preamplifier/Driver 

FEATURES 


For Sound Sections of TV Receivers Using 
Tube-Type AF Output Amplifiers 


• high-sensitivity — input limiting voltage (knee) 

150 yuV typ. at 4.5 MHz 

• large audio drive voltage capability 

• excellent AM rejection - 58 dB typ. at 4.5 MHz 


• internal Zener-diode-regulated voltage supply 

• low harmonic radiation 

• wide frequency capability - <100 kHz to > 20 MHz 

• low harmonic distortion 


• inherent high stability - internally shielded 


RCA Integrated Circuit Type CA3041 provides, in a single monolithic silicon chip, a 
major subsystem for the sound sections of TV receivers. As shown in the Schematic Diagram 
(Fig.l) and the TV Receiver Block Diagrams d ig. 1 2) theCA304l contains a multistage wide- 
band if-amplifier/limiter section, an FM-detector stage, a Zener-diode-regulatedpower-supply 
section, and an af-amplifier section specifically designed to drive directly a 6AQ5 beam 
power tube or other audio output tube of similar characteristics. 

In FM receivers, the CA3041 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3041 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier/driver section can be used in- 
dependently of each other. 

The CA3041 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 

MAXIMUM RATINGS, Absolute Maximum Values: 


OPERATING-TEMPERATURE RANGE -40° to +85°C 

STORAGE-TEMPERATURE RANGE -65° to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 1 0 seconds max +265 C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 



Fig.l - Schematic diagram. 


At Ambient |up to +25°C 950 mW 

Temperatures] above +25° C Derate at 1 0.8 mW/°C 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T A =25°C 

Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground l Terminal 4). 



may be used. 



9ZC3-MMO 


Fig.2 - Typical dissipation characteristic 
for CA3041. 



Fig. 3 - Test setup for measurement of 
input-impedance components. 
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CA3041 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T4, of 25°C, and a DC Supply 
Voltage, V(jq, of + 140 Volts applied to Terminal 14 through a resistance of 6.2 kf), unless other- 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3041 to be exceeded may be used. 


CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS 

LIMITS 



SETUP 

AND 

PROCEDURE 

SPECIAL CONDITIONS 

TYPE 

CA3041 

Rig- 

□a 

era 

123 

■m 

Total Device Dissipation 

P T 

11 


o°c 

in 

E3 

m 

IBTI 

n 


225 

WM 

Ea 


+ 85°C 

BSTi] 

E9 

iflil 

mW 

Zener Regulating Voltage (DC Sup- 
ply Voltage at Terminal 14) 

V14 

- 


10.5 

11.2 

12.3 

V 

- 

Quiescent Operating Current 
(into Terminal 11) 

'll 

11 


0.25 

0.63 

1 

mA 

- 

9-Volt Current Drain (Quiescent Op- 
erating Current into Terminal 14) 

114 

11 

Vcc a +9 V applied directly 
to Terminal 14 

7 

11 

16 

mA 

- 

Input-Impedance Components: 
Parallel Input Resistance 

Ri 

3 




_ 

11 

_ 

kn 

_ 

Parallel Input Capacitance 

Ci 

3 


- 

5 

- 

PF 

- 

Output-Impedance Components: 
Parallel Output Resistance 

Ro 

_ 


_ 

100 

_ 

kn 

_ 

Parallel Output Capacitance 

Co 

- 


- 

4 

- 

pF 

- 

Input Limiting Voltage (Knee) 

^i(lim) 

7 


- 

150 

200 

kV 

(rms) 

4 

Amplitude-Modulation Rejection 

AMR 

10 


45 

58 

- 

dB 

9 

IF-Amplifier Voltage Gain 

a (IF) 

5 



- 

67 

- 

dB 

4 

Recovered AF Voltage: 

1. At FM-Detector Output 

V 0 (af) 

_ 



Rl.= 50 kfi,Af » ±25 kHz 
THD - 0.7% (typ.) 

_ 

250 

_ 

mV 

(rms) 

_ 

2. At AF-Driver Output 
in Test Setup 



THD < 5% 

8 

9 

- 

V 

(rms) 

- 

Total Harmonic Distortion 

THD 

7 

v o(af) ■ 8 V(mi S ) 

~ 

u 

5 

% 

- 

Discriminator Output Resistance 

R o(dis) 

- 

f 



- 

10 

- 

kn 

- 

AF-Amplifier Input Resistance 

R i(af) 

- 


- 

100 ; 

- 

kn 

- 

AF-Amplifier Output Resistance 

Ro(af) 

- 

1 kHz 

J 


- 

30 

- 

kn 

- 

AF-Driver Voltage Gain 

A af 

6 


- 

41 ! 

- 

dB 

8 


PROCEDURES: 


Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 



Output frequency ■ 4.5 MHz 
Modulating frequency ■ 1 kHz 
Deviation “ i 25 kHz 
Output level for Vj n * 100 mV rms 
Set volume control for maximum 
af output. 

Measure af output voltage and record 
as Recovered AF Voltage. 

Harmonic Distortion: 

Adjust volume control for an af output 
voltage of 300 mV rms. 

Measure Total Harmonic Distortion of 
the output signal in accordance, with 
the- Operating Instructions for the Dis- 
tortion Analyzer. 

Limiting Voltage (Knee): 

Decrease Vj n until the af output voltage 
is 3 dB less than the value set in Step 1 
of the procedure for measurement of 
Total Harmonic Distortion 
(300 mV - 3 dB » 210 mV) 

Measure resulting value of Vj n and re- 
cord as Input Limiting Voltage (Knee). 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig.7 • Tost setup for measurement of input limiting voltage (Knee), 
recovered AF voltage, and total harmonic distortion. 
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Fig.4 - Typical IF-amplifier voltage gain and 
input-limiting voltage (knee) characteristics. 



PROCEDURE: 

A - Voltage Gain: 

1) Set input frequency at desired value, Vj ■ 100 fiV rms. 

2) Record v 0 . 

3) Calculate Voltage Gain A from A * 20 log^Q v 0 /vj 

4) Repeat Steps 1, 2, and 3 for each frequency and/or 
for temperature desired. 

Fig. 5 - Test setup for measurement of IF -amplifier 
voltage gain. 



Fig.6 . Test setup for measurement of 
AF-amplifier voltage gain. 



Fig.8 - Typical AF -driver voltage-gain characteristic 
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CA3041 




PROCEDURES: 

1. Set FM Signal Generator as follows: 

Output frequency ■ 4.5 MHz 
Modulating frequency ■ 1000 Hz 
Deviation ■ ± 25 kHz 
Output level for Vfo * 100 mV rms 

2. Set AM Signal Generator as follows: 

Output frequency * 4.5 MHz 
Modulating frequency ■ 1000 Hz 
Per cent modulation ■ 30 
Output level for Vj n * 10 mV rms 

3. With Si in Position A measure AF Out- 
put Voltage and record as V 0 (FM>* 

4. With Si in Position B measure AF Out- 
put Voltage and record as V 0 (AM)* 

5. Determine AM Rejection from 
AMR - V 0<FM )/V o(AM) 


Fig.9 - Typical AM refection characteristics 
| for CA3041. 


* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 

Fig. 10 - Test setup for measurement of AM rejection. 


+ 140 V 



S2C5-I4SSI 


PROCEDURES: 

Total Dsvlce Dissipation: 

1. Close Si, open S2. 

2. Measure and record V14 and I7. 

3. Determine Total Device Dissipation from Pq>» V14IT. 
Quiescent Operating Currant Into Terminal 11: 

1. Close Si, open S2. 

2. Measure Ijn and record as Quiescent Operating Cur- 
rent into Terminal 11. 

9-Volt Current Drain: 

1. Open Si, close S2. 

2. Measure I14 and record as 9-Volt Current Drain. 


Fig. 11 - Test setup for total dissipation, quiescent operating current 
into terminal No. 7 7, and 9-volt current drain. 



* TRW Electronics, Des Plaines, Illinois. Part No. E023874, or equivalent. 
Fig. 12 - Block diagram of typical TV receiver using CA3041. 
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Wideband Amplifier, FM Detector, 
AF Preamplifier/Driver l 


For Sound Sections of TV Receivers Using Transistor- 
Type AF Output Amplifiers 


• high sensitivity — input limiting voltage (knee) = 

150 pV typ. at 4.5 MHz 

• 6-mA audio drive capability 

• excellent AM rejection - 58 dB typ. at 4.5 MHz 

• inherent high stability — internally shielded 


• internally Zener-diode-regulated voltage supply 

• low harmonic radiation 

• wide frequency capability - <100 kHz to >20 MHz 

• low harmonic distortion 


RCA Integrated Circuit Type C A. '504 2 provides, in a single monolithic silicon chip, a 
major sub-system for the sound sections of TV receivers. As shown in the Schematic Dia- 
gram (Fig.l) and the TV Receiver Block Diagrams (Figs.2A and 2B) the CA3042 contains a 
multistage wide-band if-amplifier section, an FM-detector stage, a Zener-diode-regulated 
power-supply section, and an af-amplifier section specifically designed to drive directly an 
n-p-n audio output transistor or a high-gain audio output pentode tube. 


In FM receivers, the CA3042 can be used to provide if amplification and limiting, FM 
detection, and af preamplification. 

The CA3042 provides exceptional versatility of circuit design because the if-amplifier/ 
limiter section, FM detector section, and af-preamplifier 'driver section can be used inde- 
pendently of each other. 

The CA3042 utilizes a 14-lead dual-in-line plastic package with leads specially formed 
to facilitate automatic insertion of the device in suitably punched printed-circuit boards. 


MAXIMUM RATI NGS, Absolute- Maximum Values: 

OPERATING-TEMPERATURE RANGE -40° to +85° C 

STORAGE-TEMPERATURE RANGE -65° to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max +265°C 

MAXIMUM INPUT-SIGNAL VOLTAGE: 

Between Terminals 1 and 3 ±3 V 

MAXIMUM DEVICE DISSIPATION: 

At Ambient ?upto+25°C 950 mW 

Temperatures] above +25° C Derate at 10.8 mW/°C 



Fig.l - Schematic diagram. 



VERTICAL HORIZONTAL DEFLECTION 


Fig. 2(b) - Block diagram of typical TV receiver utilizing 
the CA3042 and a J2FX5, 6EH5, or equivalent. 


rT 



Fig. 2(a) - Block diagram of typical TV receiver utilizing 
transistor RCA-40313. 



PROCEDURES: ?T*V|4ii4 < ^ 

Total Device Dissipation: J_ 92CS-I4882 

1 . Set switch S in position A 

2 . Measure and record V14 and I ^4. 

3 . Determine Total Device Dissipation from = V14I14 
Quiescent Operating Current into Terminal 11: 

1 . Turn switch S to position B 


9-Volt Current Drain: 

1 . Set switch S in position B 

2 . Measure 1 14 and record as 9 -Volt Current Drain. 

Fig.3 - Test setup for measurement of total device dissi- 
pation, quiescent current into terminal No.ll, and 
9-volt current drain. 
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CA3042 


ABSOLUTE-MAXIMUM VOLTAGE AND CURRENT LIMITS AT T A = 25°C 

Indicated voltage or current limits for each terminal may be applied under the specified voltage 
conditions for other terminals. All voltages are with respect to ground (Terminal 4). 

VOLTAGE CONDITIONS AT OTHER TERMINALS 


TERMINAL 

VOLTAGE OR 
CURRENT LIMITS 

B 

B 



B 

2 




3 

-3 V 

+3 V 

•3 to + 3 

4 

GROUND (VOLTAGE 
REFERENCE TERMINAL) 

-3 to +3 

5 

20 mA 

-3 to +3 

6 

NO CONNECTION 

-3 to +3 

7 

10 mA 

-3 to +3 

8 

10 mA 

-3 to +3 

9 

10 mA 

-3 to +3 

10 

10 mA 

-3 to +3 

11 

+ 2 V 

+ 10 V 

-3 to +3 

12 

+2.5 V 

+ 10 V 

-3 to +3 

13 

OV 

+ 10 V 

-3 to +3 

14 

50 mA 

-3 to +3 


— o_ 

2 O- 
CE < 


o z 
cn f- 
LU O 
> z 


_J a. 
< < 
z >- 


T ° 


H- O 

° ^ 
Z =3 


St 


* Any other combination of DC Supply Voltage and Series Resistance which will not cause the Maximum 
Device Dissipation Limit or any of the Maximum Voltage or Current Limits for the CA3042 to be exceeded 
may be used. 



PROCEDURES: 

1. Set FM Signal Generator as follows: 

Output Frequency =4.5 MHz 
Modulating frequency = 1000 Hz 
Deviation = ±25 kHz 
Output level for V, n = 100 mV rms 

2. Set AM Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1000 Hz 
Per cent modulation = 30 
Output level for Vj n = 10 mV rms 

3. With Si in Position A measure AF Output 
Voltage and record as V 0 <fm). 

4. With Si in Position B measure AF Output 
Voltage and record as V 0 (AM). 

V 0 (FM) 

5. Determine AM Rejection from AMR = 

V 0 (AM) 

* TRW Electronics, Des Plaines, Illinois. 

Part No. E023874, or equivalent. 



Fig.4 • Typical dissipation characteristic. 



Fig. 5 - Test setup for measurement of input-impedance 
components. 



PROCEDURE Voltage Coin: 

1. Set input frequency at desired value, v; = 100 pV rms. 

2. Record v 0 . 

3. Calculate Voltage Gain A from A = 20 logjo v 0 /vj. 

4. Repeat Steps 1, 2, and 3 for each frequency and/or for 
temperature desired. 

Fig.6 - Test setup for measurement of IF amplifier 
voltage gain. 


Fig.7 - Test setup for measurement of AM rejection. 



Fig. 8 - Typical IF amplifier voltage gain and input 
limiting voltage (knee) characteristics. 
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CA3042 


ELECTRICAL CHARACTERISTICS, at an Ambient Temperature, T 4 , of 25°C, and a DC Supply 
Voltage, Vqq, of + 140 Volts applied to Terminal 14 through a resistance of 6.2 kfl, unless other* 
wise indicated. Any other combination of DC Supply Voltage and Series Resistance which will 
not cause the Maximum Dissipation Limit or any of the Maximum Voltage or Current Limits for 
the CA3042 to be exceeded may be used. 


CHARACTERISTICS 
(See Page 7 for Definitions of Terms) 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

Units 

TYPICAL 

CHARAC- 

TERIS- 

TICS 

CURVES 

SETUP 

AND 

PROCEDURE 

SPECIAL CONDITIONS 

TYPE 

CA3042 

Pig- 

Min. 

Typ. 

Max. 

Fig. 

Total Device Dissipation 

P T 

3 

t a = 

0°C 

200 

230 

260 

mW 

4 

+ 25°C 

210 

240 

270 

mW 

+ 85°C 

220 

250 

280 

mW 

Zener Regulating Voltage (DC Sup- 
ply Voltage at Terminal 14) 

V14 

- 


10.5 

11.2 

12.3 

V 

- 

Quiescent Operating Current 
(into Terminal 11) 

'll 

3 


0.25 

0.63 

1 

mA 

- 

9-Volt Current Drain (Quiescent Op- 
erating Current into Terminal 14) 

114 

3 

Vcc 2 3 +9 V applied directly 
to Terminal 14 

8 

12 

18 

mA 

- 

Input-Impedance Components: 
Parallel Input Resistance 

R| 

5 




_ 

11 

_ 

kfl 

_ 

Parallel Input Capacitance 

C| 

5 


- 

5 

- 

PF 

- 

Output- Impedance Components: 
Parallel Output Resistance 

Ro 

_ 


_ 

100 

_ 

kfi 

_ 

Parallel Output Capacitance 

C 0 

- 


- 

4 

- 

PF 

- 

Input Limiting Voltage (Knee) 

v i(lim) 

11 


- 

150 

200 

mV 

(rms) 

8 

Amplitude-Modulation Rejection 

AMR 

7 


45 

58 

- 

dB 


IF-Amplifier Voltage Gain 

A(IF) 

6 



- 

67 

- 

dB 

8 

Recovered AF Voltage: 

1. At FM-Detector Output 

V„<af) 

11 

<1.3 

vinz 

Af 

±25 

kHz 

R|_= 50 kfi 
THD - 0.7% (typ.) 


250 

_ 

mV 

(rms) 

- 

2. At AF-Driver Output 
in Test Setup 


11 

R|_= 322 Q 
THD < 5% 

500 

800 

- 

mV 

(rms) 

- 

3. At AF-Driver Output in 
TV-Receiver Sound System 


2A or 2B 

R L = 150 kH 
THD = 1.5% (typ.) 

- 

3 

- 

V 

(rms) 

- 

Total Harmonic Distortion: 
1. In Test Setup 

THD 

11 

V 0 (af) = 500 mV (rms 

_ 

1.5 

5 

% 

_ 

2. In TV Receiver Sound System 


2A or 2B 

V<Xaf) = 


1 


% 


FM-Detector Output Resistance 

R o(det) 

- 

f 


- 

10 

- 

kfl 

- 

AF-Driver Input Resistance 

R|(af) 

- 

f = 


- 

100 

- 

kfl 

- 

AF-Driver Output Resistance 

Ro(af) 

- 

1 kHz 

i 


- 

250 

- 

fi 

- 

AF-Driver Voltage Gain 

A af 

9 

R s = 50 n, Ci = 0 

- 

30 

- 

dB 

10 



Fig . 9 - Test setup for measurement of AF amplifier 
voltage gain. 
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Fig. 10 - Typical AF amplifier voltage gain 


characteristics. 



PROCEDURES: 

Recovered AF Voltage: 

1. Set Input Signal Generator as follows: 

Output frequency = 4.5 MHz 
Modulating frequency = 1 kHz 
Deviation = 1 25 kHz 
Output level for Vj n = 100 mV rms 

2. Set volume control for maximum af output 

3. Measure af output voltage and record as Recovered 
AF Voltage. 

Total Harmonic Distortion: 

1. Adjust volume control for an af output voltage of 
500 mV rms. 

2. Measure Total Harmonic Distortion of the output 
signal in accordance with the Operating Instructions 
for the Distortion Analyzer. 

Input Limiting Voltaga (Knee): 

1. Decrease Vj n until the af output voltage is 3 dB 
less than the value set in Step 1 of the procedure for 
measurement of Total Harmonic Distortion (500 mV - 
3 dB = 350 mV) 

2. Measure resulting value of Vj n and record as Input 

Limiting Voltage (Knee). 


Fig. 11 - Test setup for measurement of input limiting voltage (knee), 
recovered AF voltage, and total harmonic distortion. 
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CA3043 

Special-Function Subsystem 

HIGH-GAIN IF AMPLIFIER, For FM IF Amplifi8r Applications 

LIMITER, FM DETECTOR, AND in Communications Receivers and 

AF PREAMPLIFIER/DRIVER High-Fidelity FM Receivers up to 20 MHz 

FEATURES • internal Zener-diode regulated voltage supply 


e high sensitivity — input limiting voltage (knee) 

50 mV typ. at 10.7 MHz 

e excellent AM rejection - - 58 dB typ. at 10.7 MHz 
e inherent high stability — internally shielded 

RCA Integrated Circuit Type CA3043 provides in a sin- 
gle monolithic silicon chip, a major sub-system for the 
IF sections of Communications and high-fidelity FM 
receivers. As shown in the Schematic Diagram (Fig.2) 
and the FM Receiver Block Diagram (Fig.l).the CA3043 
contains a multistage if-amplifier/limiter section, an 
FM-detector stage, a Zener-diode regulated power-supply 
section, and an af-amplifier section. In FM receivers, 
the CA3043 can be used to provide if amplification and 
limiting, FM detection, and af preamplification. The 
CA3043 provides exceptional versatility of circuit design 
because the if-amplifier/limiter section, FM detector 
section, and af-preamplifier/driver section can be used 
independently of each other. 

The four stage emitter-follower-coupled if amplifier 
section provides 80-dB voltage gain at 10.7 MHz, and 
features an output stage with exceptionally good limiting 
characteristics because of its transistor constant- 
current sink. 

The FM detector section is distinguished by circuitry 
which provides forward bias to the detector diodes, D2 
and D3, and also provides a reference voltage for AFC. 

The audio amplifier provides a low-impedance drive for 
subsequent audio amplifiers. 

The power supply section provides zener-regulated, 
decoupled voltages for the IF amplifier, detector, and 
audio amplifier sections. 

ABSOLUTE-MAXIMUM RATINGS at T A = 25 °C 

DISSIPATION: 

At T a = 25°C to T a = 85°C 450 mW 

Above T a = 85°C Derate linearly 5 mW/°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 min) 
from case for 10 seconds max + 265°C 

TEMPERATURE RANGE: 

Operating -55°C to + 125°C 

Storage -65°C to + 150°C 


internal Zener-diode regulated voltage supply 
low harmonic radiation 

wide frequency capability — <100 kHz to >20 MHz 
low harmonic distortion 
hermetic 12-lead T0-5 style package 


FM M IF 20 dB 1 
TUNERnAMPLIFIERr 


JL X TIJ 


Fig.l - Typical application of the C A3 043 a 
limitar, amplilior-dotocior in an FM re 


ELECTRICAL CHARACTERISTICS at T^ = 25°C 


CHARACTERI 

STATIC CHARACTE 

Current Drain at 6V 
into Pin No. 11 

Regulator Voltage Pin No . 11 

Total Device Dissipation 

Quiescent Operating Current 
into Pin No. 6 

DYNAMIC CHARACTERISTICS at Vcc 

Voltage Gain 

Input Limiting Voltage (knee) 

Limiting Current from Pin No.6 

Recovered AF Voltage 

Amplitude-Modulation Reject 

Total Harmonic Distortion 

Input Impedance Cor 
Parallel Input Re 
Parallel Input Capacitance 



Notes: 

S = Substrate 
Terminal No. 3 wi 
Terminal No. 10 c 



e-connected to the case. 
nnejrted to the case (hr< 


Fig.2 - Schematic diagram. 

Terminals No.3 and 10 which are connected to the substrate 
should be connected to the most negative point in the circuit, 
bstrate Diodes D4 and D5, act as capacitors and are used to balance 


■=■ °,|4= H§>- CA3043 


Regulator- Voltage, Quiescent- 
Operating-Current, and Device 
Dissipation Test 


through the substrate Diodes D4 and D5, act as capacitors 
the detector substrate capacitances. 


Fig.3 - Regulator voltage, device dissipation, quiescent 
operating current, and current at 6 volts into Pin No. 11. 
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CA3043 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 

listed horizontally with respect to the terminals listed vertically. For example, the MAXIMUM 

voltage range between horizontal terminal S and vertical terminal 3 is 46 to 0 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 


+4 

-4 

0 

-5 

* 

* 

* 

* 

* 

* 

0 

-5 

* 

Note(l) 

2 



0 

-3 

* 

. 

* 

* 

* 

• 

0 

-3 

* 

* 

3 




+6 

0 

+6 

0 

+ 15 
+2 

+6 

0 

+6 

0 

+6 

0 

0 

Note(2) 

+ 3 
0 

4 





+2 

-4 

* 

* 

* 

* 

0 

■6 

* 

* 

5 






* 

* 

* 


0 

-6 

+6 

0 

* 

6 










-2 

*15 

* 

* 

7 








Note(l) 

* 

0 

-6 

* 

* 

8 









* 

0 

-6 

* 

* 

9 










0 

-6 

* 

* 

10 







i 




Note (2) 
0 

+3 

0 

11 












* 

12 

' 














TERM- 

INAL 

No. 

I|N 

mA 

J 0UT 

mA 

1 



2 



3 

0.1 

40 

4 


20 

5 



6 



7 



• 



9 


20 

10 

0.1 

40 

n 

40 

0.1 

12 




Note 1: These terminals should be connected through a dc 
resistance to any terminal which does not exceed 
100 ohms. 

Note 2: Pin 11 may be connected to any positive voltage 
source through a suitable resistor provided its cur- 
rent rating is not exceeded. 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 



Voltage Gain = 20 logig 100 — — 

c b - Bypass Capacitor, 0.1 fiF electrolytic in parallel with 0.01 pF 

I 6 (lim) = — , Vi = 100 mV(RMS) 

2Kft 

Output circuit should be completely shielded from the input 
circuit at the socket. 

Fig. 4 - Voltage gain test circuit. 



Fig. 5 ■ Voltage gain vs frequency. 



PROCEDURE: 

1. Recovered Audio Voltage v 0 ( a f) — 

Set input frequency to 10.7 MHz, 

Vj = 1 mV(RMS), modulating frequency = 1 kHz 
Deviation = ±75 kHz 

Record v Q as measured on the Distortion Analyzer meter 
scale. 

This is the recovered Audio Voltage v 0 ( a f) 

2. 3 dB Limiting Sensitivity Vj(ii m ) — 

Reduce Vi until v 0 ( a Q drops 3 dB. 

Record this value of Vi as vmi m ) 

3. Total Harmonic Distortion THD — 

Reset vj to 1 mV (RMS) and operate Distortion Analyzer per 
manufacturer’s instructions to measure THD. 

* See Fig.9 for details on Discriminator Transformer. 

Fig.6 - Input limiting voltage (knee), recovered AF 
voltage, and total harmonic distortion test circuit. 



Fig.7 . Input limiting voltage (knee) at -3dB point 
vs frequency. 



Coil Form, Outside Diameter = 7/32" 

Can = 1/2" square X 1-1/8" long 
Slugs - Radio Industries Type MP34/MP100 Material 
& L3 = 20 Turns 5*44 litz wire universal wound 
L2 = 10 Turns 5-44 litz wire wound bifilar with 
I*i & L3 coupling adjusted to 520 kHz peak to peak separation 
on S curve when operated in circuit shown in Fig.6. 



PROCEDURE: 

A. Connect FM Generator to CA3043 input. 

Set frequency to 10.7 MHz, vj = 10 mV, modulating frequen- 
cy = 1 kHz 
Deviation = ±75 kHz. 

Tune Wave Analyzer to peak reading at 1 kHz and record 
recovered Audio Voltage v 0 ( a f)FM- 

B. Disconnect FM Generator and Connect AM Generator to 
CA3043 input. 

Set frequency to 10.7 MHz, v^ = 10 mV, modulating frequen- 
cy = 1 kHz, percent modulation = 50%. 

Tune Wave Analyzer to peak reading and record recovered 
audio voltage v 0 ( a f)AM v 

Amplitude Modulation Rejection Ratio = 20 loglQ °^ a P^ 

v o(af)AM 

Fig. 8 * Amplitude modulation rejection test circuit. 


I 


Fig.9 - 10.7-MHz discriminator transformer for CA3043. 
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CA3044, CA3044V1 

Special- Function Subsystem 


WIDE BAND AMPLIFIER/PHASE DETECTOR 
WITH ZENER DIODE VOLTAGE REGULATOR 

For AFC (Automatic 
Frequency Control) Applications 

The RCA CA3044 and CA3044V1 represent a second 
generation of integrated circuits designed primarily for 
AFC (Automatic-Frequency-Control) applications. 

The CA3044V1 is electrically identical to the CA3044 but 
is supplied with formed leads for easier PC board design 
and construction. 


FEATURES 

• Primarily intended for AFC (automatic frequency 

control) Applications 

• Internal Zener Diode Voltage Regulator 

• Differential Input Amplifier /Limiter 

• Full-Wove Diode Bridge Detector 

• Dif feren tial Output Voltage Amplifier 

• Available in Two Electrically Identical Versions 
of the 10-lead TO-5 style package, 

CA3044 With Straight Leads; 

CA3044V1 With Formed Leads 

• Wide Operating Temperature Range; -55 to +T25°C 



(AFT) Application using CA3044 or CA3044VI in 
Color-TV Receiver. 


ABSOLUTE-MAXIMUM RATINGS 

DISSIPATION: 

At T a - 25°C 

Above T a = 25°C 

TEMPERATURE RANGE: 

Operating 

Storage 


830 mW 

Derate linearly 5.6 mW/°C 


-55°C to +125°C 
-65 °C to +150°C 


LEAD TEMPERATURE (During Soldering): 

At distance 1/16+ 1/32 inch (1 .59 ± 0.79mm) 

from case for 10 seconds max + 265C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 


The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range between vertical terminal 2 and horizontal terminal 6 is +20 to 0 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NO INTERNAL CONNECTION 


10 



+20 

0 

+20 

-10 

+20 

0 

+20 

0 

+20 

0 

+20 

0 

+20 

0 

▲ 

1 




* 

+ 12 
-12 

* 

* 

+6 

-6 

* 

+6 

0 

2 





* 

* 

* 

+20 

0 

* 

+20 

0 

3 






* 

* 

+'6 

-6 

* 

+6 

0 

4 







* 

* 

* 

+ 12 
o ! 

5 








* 

* 

+12 

0 

6 









+ 5 
-5 

+5 

0 

7 










+8 

-5 

8 










REF. 

SUB- 

STRATE 


TERM- 

INAL 

No. 

<IN 

mA 

'out 

mA 

9 



10 

50 

50 

1 

5 

5 

2 

20 

20 

3 

5 

5 

4 

5 

5 

5 

5 

5 

6 

5 

5 

7 

5 

5 

8 

50 

50 


Terminal No. 10 may be connected to any positive voltage 
source through a suitable dropping resistor — provided the 
dissipation rating is not exceeded. 


Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 



HCS-IH04 


Fig. 2 - Schematic diagram CA3044, CA3044VI 



Fig.3 - Test setup: Measurement of total device dissi- 
pation, Zener regulating voltage, quiescent operating 
current (terminal 2). 


i.3 kn 
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ELECTRICAL CHARACTERISTICS at T A - 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3044 and CA3044V1 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

FIG. 

MIN. | TYP. | MAX. 

FIG. 

STATIC CHARACTERISTICS | 

Device Dissipation 

P T 

3 

V CC = 30 V 
R s = 1.5 kft 
T a = -55°C 

90 

120 

150 

mW 


Device Dissipation 

P T 

3 

V rr = 30 V 
Rj = 1.5 kO 
T a = 25°C 

no 

140 

170 

mW 


Device Dissipation 

P T 

3 

V rr = 30 V 
Rj = 1.5 kQ 
T a = +125°C 

130 

160 

190 

mW 


9-Volt Current Drain 

'T 

3 

Vio = 9V 

2.5 

4 

5.5 

mA 


Zener Regulating Voltage - 
DC Supply Voltage at Terminal 10 

VlO 

3 



10.5 

11.2 

11.9 

V 


Quiescent Operating Current into 
Terminal 2 

>2 

3 

1 

2 

4 

mA 


Quiescent Operating Voltage at 
Terminal 4 

v 4 


V rr = 30 V 
R$ = 1.5 kO 

5.0 

6.5 

8.0 

V 


Quiescent Operating Voltage at 
Terminal 5 

vs 




5.0 

6.5 

8.0 

V 


Output Offset Voltage between 
Terminals 4 and 5 

V 4-5 


-1.5 

0 

1.5 

V 


| DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER) j 

Input Limiting Voltage (Knee) 

Vi 

Limiting 

4 

f=45.75 MHz 


75 


mV 


Input Admittance 

Yll 


f =» 45.75 MHz 

v cc“ 3 °v 

R s ■= 1.5 kH 


0.5+jl.l 


mmho 


Reverse Transfer Admittance 

*12 



3.8+j3.4 


Mmho 


Forward Transfer Admittance 

*21 



•11.7 +10.1 


mmho 


Output Admittance 

y 2 2 



0.077 +j0.9 


mmho 


| OUTPUT vs FREQUENCY DEVIATION - AFC i 

Correction-Control Voltage at 
Terminal 4 

V 

corr. 

(4) 

5 

Vqc = +30 V 
V jn = 200 mV RMS 
f 0 = MHz as 
indicated 

*of 

VlO 


%of 

VlO 



45.750 - 0.025 

85 



V 

6,7 

45.750 + 0.025 



33 

V 

45.750 - 0.900 

75 



V 

7 

45.750 + 0.900 



43 

V 

45.750 - 1.500 



85 

V 

45.750 + 1.500 

, 33 



V 

Correction-Control Voltage at 
Terminal 5 

V 

corr. 

(5) 

5 

45.750 • 0.025 

. 


33 

V 

6,7 

45.750 + 0.025 

85 



V 

45.750 - 0.900 



43 

V 

7 

45.750 ♦ 0.900 

75 



V 

45.750 - 1.500 

33 



V 

45.750 4 1.500 



85 

V 


CA3044, CA3044V1 

DYNAMIC CONTROL VOLTAGE 
CHARACTERISTICS 

The CA3044 and CA3044VI are specifically in- 
tended for use in the AFT system of color television 
receivers. Each device is tested so that the control 
voltages generated by the circuit meet the critical re- 
quirements of the system. Figure 5 is the schematic 
diagram of the test circuit. 

Figure 6 and 7 show the control voltages gener- 
ated at terminals 4 and 5 of the Integrated Circuit as a 
function of the frequency deviation from the nominal 
center frequency. Figure 6 shows the region within 
25 KHz of the center frequency while Figure 7 covers 
the entire bandwidth of the system. The horizontal 
reference lines on the figures are generated by a volt- 
age divider connected between the power supply volt- 
age on Terminal 10 and ground. The dynamic control 
voltages are compared with these references according 
to the Output vs Frequency Deviation Table. For ex- 
ample: when the frequency deviation is -25 KHz the 

control voltage at Terminal 4 is greater than the refer- 
ence A voltage; the control voltage at Terminal 5 is 
less than the reference B voltage. 

The shape of the correction voltage character- 
istics is dependent to a large degree upon transformer 
characteristics and the parts layout. In order to 
closely duplicate the curves shown, the printed circuit 
board shown in Figure 8 and the parts layout shown 
in Figure 9 should be followed as closely as possible. 



Li 1$ ALIGNED FOR SYMMETRICAL BANDWIDTH ON L.: TRW PART No 23754 
EITHER SIDE OF 45.750 MH,. OR EQUIVALENT. 


Lj 15 ALIGNED FOR ZERO DIFFERENTIAL OUTPUT Lj: TRW PART No. 23755 
BETWEEN TERMINALS 4 AND 5 AT I, * 45.750 MH,. OR EQUIVALENT. 

92CS-15235 


Fig. 5- Correction voltage test circuit for 
CA3044 and CA3044VI. 



92CS-IS238 

Fig. 6 - Typical narrow-band dynamic control voltage 
characteristics. 



Fig . 7 - Typical wide-hand dynamic control voltage 
characteristics. 


DEFINITIONS OF TERMS 


Input Limiting Voltage (Knee) [v ( (lim)] 

The input signal voltage which will cause the output signal to 
decrease 3 dB from its maximum level. 

Total Device Dissipation (Pj) 

The total power drain of the device with no signal applied and 
no external load current. 

Quiescent Operating Voltage 

The dc voltage at the output terminal, with respect to ground, 
with no signal applied. 

Quiescent Operating Current 

The average (dc) value of the current in either output, terminal, 
with no signal applied. 

Output Offset Voltage 

The dc voltage between output terminals with no signal applied. 
Control Voltage 

The dc voltage at either output terminal with respect to ground 
with an RF signal of specified frequency applied. 
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CA3044, CA3044V1 



Fig.9 - Top view of wired test board. 


a) Top view 


b) Bottom view 


Fig.8 - Printed Circuit Board for Test Circuit -- 
Full Size 
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CA3052 


Four Independent AC Amplifiers 

Special-Function Sub-System for Stereo Preamplifiers, 
Magnetic Pickups, Tape Heads, etc. 


APPLICATIONS 

■ Full-function stereo preamplifiers 

■ Tape recorder and playback preamplifiers 

■ Tone Generators 


FEATURES 

■ Four AC amplifiers on a common substrate 

■ Independently accessible inputs and outputs 

■ Operates from single-ended supply 

EACH AMPLIFIER 

■ High voltage gain .... 53 dB min. 

■ High input resistance . . 90 k 12 typ. 

■ Undistorted output voltage 2 V rms min. 

■ Output Impedance . . . 1 k 12 typ. 

■ Open-loop bandwidth . . 300 kHz typ. 

The RCA-CA3052 is a silicon monolithic 
integrated circuit designed specifically for 
stereo preamplifier service. The circuit con- 
sists of four independent ac amplifiers which 
can operate from a single-ended supply. 

The CA3052 can operate as an equalizer 
amplifier in tape recorders, magnetic car- 
tridge phonograph applications, and tone 
control amplifiers. It can provide all of the 
amplification necessary for a full-function 
stereo preamplifier. 

The CA3052 is supplied in a 16-lead dual- 
in-line plastic package. 


RCA-CA3052 is schematically identical with 
the CA3048 Amplifier Array (File No. 377). 
Each amplifier of the CA3048 is tightly 
specified for equivalent output noise under 
a variety of test methods. The CA3052 is 
specified using RIAA test methods for equiv- 
alent input noise using one test method for 
amplifiers 1 and 4, and an appropriately 
different method for amplifiers 2 and 3. 



Fig. 1 - Block diagram of stereo preamplifier 
using CA3052. 


ABSOLUTE-MAXIMUM RATING at T A = 25°C: 

POWER SUPPLY VOLTAGE 

AC INPUT VOLTAGE 

DISSIPATION: 

UptoT A = 55°C 

Above T a = 55°C 

TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ±1 /32 inch ( 1 .59 ±0.79 mm) 
from case for 10 seconds max 


+16 V 
0.5 V rms 


750 mW 

Derate linearly at 7.7 mW/°C 

-40° C to +85°C 

—65° C to +150°C 


+265°C 


MAXIMUM VOLTAGE RATINGS 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range between vertical terminal 2 and horizontal terminal 4 is +2 to -3.6 volts. 


TERM- 

INAL 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 


+ 16 
0 

* 

* 

* 

♦ 

* 

* 

* 

* 


* 

* 

• 

0 

-16 

• 

2 



* 

+2 

- 3.6 

0 

- 

• 

+ 2 
- 3.6 

+2 

- 3.6 

• 

• 

+ 16 
0 

+ 2 
- 3.6 

* 

+ 16 
0 

0 

-16 

D 




H 

* 

♦ 

* 


* 

* 

* 

* 

* 

* 

* 

■ 

D 





g§ 

■ 

* 


* 

* 

* 

♦ 


* 

* 

■ 

a 






0 

-16 

* 

m 

E3 

■ 

B 

□ 

H 

* 

i 

■ 

a 







* 

* 

* 

• 

* 

* 

0 

-16 



■ 

D 








+5 

-5 

* 

* 

* 

* 

* 

* 


■ 

8 









* 

* 

* 

• 

* 

* 

* 


9 










+5 

-5 

* 

* 

* 

* 

* 

• 

10 











* 

* 

* 

* 

* 

* 

11 












• 

* 

* 

* 

* 

12 













0 

-16 


* 

* 

13 














+ 5 
-5 

* 

* 

14 
















* 

15 











| 





+ 16 
0 

16 


















* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 


I 
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CA3052 


ELECTRICAL CHARACTERISTICS at T A = 25 °C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

■ 

LIMITS 

CA3052 

UNITS 

MIN. 

TYP. 

MAX. 

| STATIC 

Current drain per amplifier pair 

*12 or 1 15 

V CC = +12V 

9.5 

13.5 

17.5 

mA 

DC Voltage 
at Output Terminals 

v l. v 6- 
V U. 

V CC = + 12V 

6.1 

6.9 

8.1 

V 

DC Voltage 

at Feedback Terminals 

> V 7- 
V 10' v 14 

V CC = +12V 

i.7 

2.0 

2.3 

V 

DC Voltage 
at Input Terminals 

V 4 . Vg, 

V 9> V 13 

V CC =+12V 

2.2 

2.5 

2.8 

V 

| DYNAMIC each amplifier with no AC feedback unless otherwise noted-terminals 3, 7, 10, & 14 bypassed to ground 

Open-Loop Gain 

a ol 

V cc = +12V 
E| N ° = 2mV 
f =10 kHz 

53 

58 

- 

dB 

Open-Loop 

Output Voltage Swing 

V 0 (rms) 

> N 
21# 
+ — • in 
II II II 
Uh- q 
O I 

> 1- 

2.0 

2.4 


V 

Open-Loop -3 dB Bandwidth 

BW 

V CC = +12V 
E, N ° = 2mV 

- 

300 

- 

kHz 

Open-Loop 

Total Harmonic Distortion 

THD 

V cc = +12 V, f = 1 kHz 
E OUT = 2Vrms 

- 

0.65 


% 

Input Resistance 

R i 

v cc = +12V * f = lkHz 

- 

90 

- 

kQ 

Input Capacitance 

C, 

V CC = +1 2V , f = lMHz 

- 

9 

- 

PF 

Output Resistance 

R o 

V CC = +12V, f = ikHz 

- 

1 

- 

i<n 

Feedback Capacitance 
(Output to non- 
inverting Input) 

C FB 

V CC = +12V 
f = 1MHz 

- 

<0.1 

- 

PF 

Equivalent Input 
Noise Voltage 
(Amplifiers 1 & 4), 
“C“ Filter at Output* 

E NI* 

v cc = +iov 

R s = 5kH 
A = 45 dB 

- 

1.7 

6.4 

MV 

Equivalent Input 
Noise Voltage 
(Amplifiers 2 & 3) 
RIAA Compensated* 

e N2» 

v cc = +iov 

R s = 5k 
A = 64dB (1 kHz) 

- 

4 

15.0 

MV 

Inter-Amplifier Audio 
Separation “Cross Talk 11 


V cc =+12V 
f = 1kHz 
OdB = 0.78 V 

i 

<■45 


dB 

Inter-Amplifier Capacitance 
(Any amplifier output to 
any other amplifier input) 

c 

V C c = +12V 
f = 1MHz 


<0.02 

- 

PF 


♦Per IHF Standard Methods of Measurement for Audio Amplifiers IHF-A-201, 1966 
t ac feedback included in test circuit 
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CA3052 



NOTE ■ ALL RESISTOR VALUES ARE IN OHMS 92CM-I54I2 

Fig. 2 — Schematic diagram for CA3052. 



Fig. 4 - Typical DC supply current t* supply Fig. 5 — Typical DC supply current vs ambient 

voltage. temperature. 



Fig. 7 - Typical amplifier gain vs DC supply 
voltage. 


Fig. 8 — Typical open-loop gain vs ambient 
temperature. 



CONNECT TO APPROPRIATE TERMINAL TO READ VOLTAGE 


Fig. 3 — Test circuit for measurement of collector 
supply voltage and currents. 



* Sig Gen should be a low distortion type (0.2% THD or less) 
HP206A or equivalent. 

• Adjustment of Eg to 2 volts will make Es =2mV. 


Test Circuit shows Amplifier #1 under test, to test Amplifier: 
or 4; Connect terminals as shown in Table. 



T 

ERMINALS 



OUTPUT 

INPUT 

BYPASS 


1 

2 

3 

4 

1 

6 

11 

16 

4 

8 

9 

13 

3 

7 

10 

14 


Fig. 6 - Test circuit for measurement of 
distortion, open-loop gain, and 
bandwidth characteristics. 



Fig. 9 - Typical open-loop gain vs frequency. 
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CA3052 



Fig. 10 — Typical total harmonic distortion vs 
ambient temperature. 



•Resistors are low noise precision (1%) Metal Film type. 


Fig. 13 — Test circuit for equivalent input noise 
voltage measurement , RIAA 
compensated. 



Procedure: 

1. Adjust Signal Generator for OdB output at reference terminal. 

2. Read voltage at other output terminals (Figure shows terminal if 1 
used as reference). 

Fig. 14 — Test circuit for measurement of inter- 
amplifier audio separation "cross talk" 
characteristic. 



•Resistors are low noise precision, (1%) Metal Film typr 
Resistor values are in ohms; capacitance values are 
in microfarads, unless otherwise specified. 


Fig. 11 — Test circuit for measurement of equivalent 
input noise voltage of amplifiers 1 and 4. 

OPERATING CONSIDERATIONS 
Economical Gain Control 

The CA3052 is designed to permit flexibility 
in the methods by which amplifier gain can 
be controlled. Fig. 15 shows a curve of the 
gain of an amplifier when the internal re- 
sistive feedback of the device is used in con- 
junction with an external resistor. Although 
measured gain of various amplifiers will not 



92CS-I5469 

Fig. 12— Typical amplifier gain vs feedback 
resistance. 

be uniform, because of tolerances of internal 
resistances, this method is very economical 
and easy to apply. 

Stability 

The CA3052, as in other devices having high 
gain-band-width product, requires some at- 
tention to circuit layout, design, and con- 
struction to achieve stability. 

Should the CA3052 be left unterminated, 
socket capacitance alone will provide suffi- 
cient feedback to cause high frequency oscil- 
lations; therefore, all test circuits in this data 
bulletin include loading networks that pro- 
vide stability under all conditions. 


♦Vcc<U VOLTS) 



Gain at 1-kHz reference 

47 dB 

Boost at 100 Hz 

11.5 dB 

Boost at 10 kHz 

11.5 dB 

Cut at 100 Hz 

10 dB 

Cut at 10 kHz 

9 dB 

Noise: 



At maximum volume (input shorted) > 70 dB below 1 volt 
At minimum volume > 80 dB below 1 volt 


Total harmonic distortion (at 1-kHz reference 

and an output of 1 volt) < 0.3 per cent 


92CM- 29305 

Fig. 15 — Schematic of one channel of a complete 
stereo preamplifier. 
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TV Automatic Fine Tuning Circuit 

RCA-CA3064 and CA3064E represent the third generation of 
integrated circuits designed primarily for AFC (Automatic- 
Frequency-Control) applications. They provide all of the 
signal-processing components needed (with the exception of 
the tuned-phase-detector transformer) to derive the AFT cor- 
rection signals from the output of the video-if amplifier. The 
CA3064 is supplied in the 10-formed-lead TO-5 style pack- 
age, and the CA3064E in the 14-lead dual-in-line plastic 
package. Both types operate over the temperature range of 
-55 to +125°C. 

The CA3064 and CA3064E are functionally similar to the 
CA3044 and CA3044V1 but embody a higher-gain input 
amplifier which provides a 20-dB improvement in sensi- 
tivity. The increased sensitivity extends the application of 
a proven AFT system to the low-level if-amplifier stages 
in TV receivers. 

Because the CA3064 and CA3064E are functionally similar to 
the CA3044 and CA3044V1, refer to Application Note 
I CAN-5831, "Application of the RCA CA3044 and CA3044V1 
Integrated Circuits in Automatic Fine-Tuning Systems" for 
general application information. 


CA3064, CA3064E 


io *n - jw 



Fig. 1 - Block diagram of typical operating circuit u tailing the CA3064 and CA3064E. 


Features: 

■ Cascode type high-gain amplifier (18 mV input for rated output) 

■ Internal voltage regulator 

■ Differential detector 

■ For use with either color or monochrome 

■ Differential amplifier 

■ Bipolar outputs 

■ Wide operating-temperature range; -55to+125°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DEVICE DISSIPATION: 

Up to Ta - 25° C 700 mW 

Above T a - 25°C derate linearly 5.6 mW/°C 


AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65 to +1 50°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/32" 

(1.59 mm ±0.79 mm) 

from case for 10 s max 265°C 



v *reg(T>- 

OETECTORyyv 
INPUT *VS>~ 


INPUT I 
OC AMP fs\_| 

output »vn 


Iacommon a 

j-o-SUBST RATE 


H©IF INPUT 


(a) CA3064 


lb) CA3064E 


Fig. 2 - Terminal assignment diagrams. 



Fig. 3 - Test setup: Measurement of total device 
dissipation, zener regulating voltage, 
quiescent operating current at 
terminal 2 (3). 


ELECTRICAL CHARACTERISTICS at T A = 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST 

CIRCUITS 

TEST 

CONDITIONS 

LIMITS 

CA3064, CA3064E 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

FIG. 


MIN. | TYP. | MAX. 

FIG. 

STATIC CHARACTERISTICS | 

Device Dissipation 

PD 

3 

v+ = 
30V 

R S = 
1.5kfi 

Ta 


135 

150 

mW 


-25°C 

+ 25°C 

130 

140 

150 


+85°C 


145 

150 


Current Drain at 10.5 Volts 

•t 

3 

Vio( 1 ) = 10.5 V 

4 

6.5 

9.5 

mA 


Zener Regulated Voltage - DC 
Supply Voltage at terminal 10(1)* 

viom 

3 



10.9 

11.8 

12.8 

V 


Quiescent Operating Current into 
Terminal 2(3) 

>2(3) 

3 

1 

2 

4 

mA 


Quiescent Operating Voltage at 
Terminal 4(5) 

V4(5) 


V + = 30 V 
Rs **1.5 kft 

5 

6.9 

8 

V 


Quiescent Operating Voltage at 
Terminal 5(8) 

v 5(8) 




5 

6.9 

8 

V 


Output Offset Voltage between 
Terminals 4 and 5(5 and 8) 

V4-5 

(5-8) 


-1 

0 

1 

V 


DYNAMIC CHARACTERISTICS (AS RF AMPLIFIER IN T0-5 STYLE PACKAGE) | 

Input Voltage Sensitivity 

Vl . 

sensitivity 

5 

V+ = +30 V 
V| = 18 mV 

Correction Voltage Output 
as shown in table below. 

Input Admittance 

m 




0.41 + jl.O 


mmho 


Reverse Transfer Admittance 

V12 


f = 45.75 MHz 
V+ = 30 V 
RS = 1.5 kn 


0+j3.4 


/imho 


Forward Transfer Admittance 

*21 



24.5 -j29 


mmho 


Output Admittance 

*22 




0.04 + j0.9 


mmho 


| OUTPUT vs FREQUENCY DEVIATION -AFC | 

Correction-Control Voltage at 
Terminal 4(5) 

V 

corr. 

4(5) 

5 

V+ = +30 V 
V| = 18 mV RMS 
f 0 = MHz as 
indicated 

% of 

V 10 

(1) 


% of 
ViO 
(1) 



45.750 - 0.030 

85 



V 

6,7 

45.750 ♦ 0.030 



25 

V 

45.750 - 0.900 

80 



V 

7 

45.750 ♦ 0.900 



35 

V 

45.750 - 1.500 



80 

V 

45.750 + 1.500 

35 



V 

Correction-Control Voltage at 
Terminal 5(8) 

V 

corr. 

5(8) 

5 

45.750 - 0.030 



25 

V 

6,7 

45.750 ♦ 0.030 

85 



V 

45.750 - 0.900 



35 

V 

7 

45.750 + 0.900 

80 



V 

45.750 - 1.500' 

35 



V 

45.750 ♦ 1.500 



80 

V 


* Terminal numbers in parentheses are for 14-lead dual-in-line plastic package. 
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CA3064, CA3064E 

MAXIMUM VOLTAGE RATINGS at Ta = 25°C 

The following chart gives the range of voltages which can be applied to the terminals listed 
vertically with respect to the terminals listed horizontally. For example, the voltage range 
between vertical terminal 2 (3) and horizontal terminal 6 (9) is +20 to 0 volts. Terminal 
nos. in parentheses are for the 14-lead dual-in-line plastic package. 


TERM- 

INAL 

No. 

9(6,7, 

10,11, 

13) 

10 

(1) 

1 

(2) 

2 

(3) 

3 

L 14 ’ 

4 

(5) 

5 

(8) 

6 

(9) 

7 

(12) 

8 

(14) 

9(6,7,* 

10,11, 

13) 


NO INTERNAL CONNECT! 



non 

10 

(1) 



+ 12 
0 

+ 10 
-10 

+ 12 
0 

+ 12 
0 

+ 12 
0 

+ 10 
0 

+ 20 
0 

A 

1 

(2) 




* 

+ 10 
-10 

* 

* 

+ 5 
-5 

* 

+5 

-6 

2 

(3) 





* 

* 

* 

+20 

0 

* 

+ 20 
0 

3 

(4) 






* 

* 

+5 

-6 

* 

+5 

-6 

4 

(5) 







4* 

* 

* 

+ 12 
0 

5 

(8) 








* 

* 

+ 12 
0 

6 

(9) 




: 

i 

i 

i 




+5 

-2 

+2 

0 

7 

(12) 




i 

: 





+2 

*10 

8 

N4, 







1 



REF.SUB 
STRATE 
81 CASE* 


MAXIMUM 
CURRENT RATINGS 


TERM- 

INAL 

No. 

•in 

mA 

'out 

mA 

9(6,7, 

10,11, 

13) 



10 

(1) 

SO 

50 

1 

(2) 

1 

0.1 

2 

(3) 

20 

20 

3 

(4) 

1 

0.1 

4 

(5) 

5 

5 

5 

(8) 

5 

5 

6 

(9) 

5 

5 

7 

(12) 

1 

1 

8 

(14) 

50 

50 


A Terminal number 10 (1) may be connected to any positive voltage 
source greater than the internal zener regulating voltage through a 
suitable dropping resistor - provided the dissipation rating is not 
exceeded. 

■ This terminal should be connected to the most negative potential of 
the complete circuit. 


Voltages are not normally applied between these terminals. Voltages 
appearing between these terminals will be safe if the specified limits 
between all other terminals are not exceeded. 

It is recommended that unused terminals 6,7,10,11, and 13 on the 
14-lead dual-in-line-plastic package and terminal 9 on the TO-5 
package be grounded to act as shields. 



Fig. 4 — Schematic diagram for CA3064 and CA30S4E. 



Li IS ALIGNED FOR SYMMETRICAL BANDWIDTH ON 
EITHER SIDE OF 45 750 MHi 
L 2 TERTIARY WINDING WOUND ON L| COIL FORM 
Lj IS ALIGNED FOR ZERO DIFFERENTIAL OUTPUT 
BETWEEN TERMINALS 4 AND 5 AT („• 45 750 MHi 
' FOR COIL CONSTRUCTION DATA. SCC FIG.4IU. 


REFERENCE VOLTAGE PERCENTAGES | 

Ref. A 

85% of V-ioc ) 

Ref. B 

25% of Vi 0(1 ) 

Ref. C 

80% of V 10 (i ) 

Ref. D 

35% of V, 0(1) 


Coil RCA Distributor Part No. 

(L 1 ,L 2 ) .... 122213 

L3 122 203 


Fig. 5 fa) - Correction voltage test circuit for CA3064 and CA3064E. 


COIL DATA FOR DISCRIMINATOR WINDINGS 
Li - Discriminator Primary: 3-1/6 turns; #20 Enamel-cov- 
ered wire - close-wound, at bottom of coil form. Inductance 
of Li = 0.165 aH; Q 0 = 120 at f 0 = 45.75 MHz. 

Start winding at terminal #6; finish at Terminal #1 . See Notes 
below. 

L 2 — Tertiary Windings: 2-1/6 turns; #20 Enamel-covered 
wire — close wound over bottom end of Li. Start winding at 
Terminal #3; finish at Terminal #4. See Notes below. 

L 3 - Discriminator Secondary: 3-1/2 turns; center-tapped, 
space wound at bottom of coil form. 

Inductance of L3 = 0.180 juH; Q 0 = 150 at f Q = 45.75 MHz. 
Start winding at Terminal #2; finish at Terminal #5; connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Dia. max. 

2. Tuning Core: 0.250" Dia. x 0.37" Length. 

: Material: Carbinal J. or equivalent 

3. Coil Form Base: See drawing below. 

4. End of coil nearest terminal board to be designated 
the winding start end. 



Fig.S (b) Coil form base terminal diagram. 


336 






CA3065 


IF Amplifier<Limiter, FM Detector, 
Electronic Attenuator, Audio Driver 


For Television Sound- System Applications 

The RCA CA3065 Television Sound System is a performs the conventional volume control function. Vol- 

monolithic integrated circuit which combines a multi- ume control is accomplished when the bias levels in the 

stage IF amplifier limiter, an FM detector, an electronic attenuator are changed by means of a variable resistor 
attenuator, a zener diode regulated power supply, and connected between Terminal 6 and ground (attenuation in 

an audio amplifier-driver that is designed to directly excess of 60 dB is attained). Because no audio signal is 

drive an npn power transistor or high-transconductance present in this control, hum or noise pickup can be by- 
tube. Because the circuit is so inclusive, a minimum passed. In most cases, only a single unshielded wire is 

number of external components is required. A block required between the IF board and the variable resistor 

diagram of the integrated circuit television sound sys- (volume control). 

tern is shown in Fig. 1. The CA3065 utilizes a 14-lead dual-in-line plastic 

The CA3065 with its advanced circuit design pro- package with leads specially formed to facilitate auto- 

vides a high-performance multistage subsystem for the matic insertion of the device into suitably punched printed- 

sound system of a television receiver. A particular fea- circuit boards, 
ture of the CA3065 is the electronic attenuator which 

MAXIMUM RATINGS, Absolute Maximum Values, at T A = 25° C S0UN0 

M TAKE-OFF 

Input Signal Voltage (between Terminals 1 and 2) . . . ±3 V transforme 

Power Supply Current (Terminal 5) 50 mA T )| 

Power Dissipation: o 1 ' 

UptoT A =25°C 850 m\V 

Above T a = 25° C Derate linearly 6.67 mW/°C 

Ambient Temperature Range: , L ii6 H N0M 

Operating - 40 to + 85 °C Qiunloaoi 

Storage -65 to + 150 °C ALL " ESIS 7 

Fig. 1 

Lead Temperature (During Soldering): 

At distance 1 / 1 6 ± 1/32 inch ( 1 .59 ± 0.79mm) 

from case for 10 seconds max +265 C 

MAXIMUM VOLTAGE RATINGS at T A = 25° C 

The following chart gives the range of voltages which can be applied to the terminals 
listed vertically with respect to the terminals listed horizontally. For example, the 
voltage range of the vertical terminal 9 with respect to terminal 3 is 0 to +4 volts. 


SUBSTRATE CONNECTION - ALWAYS CONNECT TO TERMINAL 3 


FEATURES: 

• Electronic attenuator- replaces convention 
volume control 

• Differential peak detector - requires one sii 
tuned coil 

• Internal Zener diode regulated supply 

• Inherent high stability 

• Excellent AM rejection - 50 dB typ. at 4.5 U 

• Low harmonic distortion 

• High sensitivity -200 /-tV limiting (knee) al 

• Audio drive copabi lity - 6 m A p-p 

• Undistorted audio output voltage - 7 V p-p 



OlUNlOAOEOI' 6 * T 0 •» T'* P 

.L RESISTANCE VALUES ARE IN OHMS 4^ 

Fig. 1 - Block diagram of CA3065 in a typical 


MAXIMUM 

CURRENT RATINGS 


INTERNAL CONNECTION 
DO NOT USE 


TERM- 

INAL 

No. 

'in 

mA 

'out 

mA 

4 

SUBSTRATE: 
CONNECT TO 
TERMINAL 3 

5 

50 

1 

6 

1 

1 

7 

1 

1 

3 

0.5 

6 

9 

1 

1 

10 

1 

0.1 

n 

INT. CONN. 
DO NOT USE 

12 

0.5 

6 

13 

1 

2 

14 

1 

0.1 

1 

1 

0.1 

2 

1 

0.1 

3 

0.1 

50 


Note 1: Terminal No. 5 may be connected to any positive 
voltage through a suitable resistor provided that 
the current and dissipation ratings of the CA3065 
are not exceeded. 

♦Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
specified limits between all other terminals are not exceeded. 
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ELECTRICAL CHARACTERISTICS at T A = 25° C, V cc a + 140 V applied to Tarmlnal 5 through 
s 3.9 k Si, and DC Vo luma Control (R x ) - 0 unless otherwise Indleatod. 




SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 


SYMBOL 

Min. 

Typ. 

Max. 

| Static Characteristics ] 


Zener Regulating Voltage 
Terminal No. 5 

V5 


10.3 

11.2 

12.2 

V 

Current into Terminal 5 

'5 

Connect Terminal 5 to »9V 

10 

16 

24 

mA 

Total Device Dissipation 

PT 


343 

370 

400 

mW 

Terminal Voltages: 1 

Vl 


_ 

2 

_ 


6 

V 6 


- 

4.8 

- 


7 

V? 


- 

6.1 

- 

V 

9 

V 9 


- 

3.7 

- 


12 

v 12 


4 

5.1 

5.8 


| Dynamic Characteristics ] 


IF AMPLIFIER 


f 0 • 4.5 MHZ. f m - 400 Hz, 





Input Limiting Voltage 

v i(lim) 

Deviation - :25 kHz,' 

- 

200 

400 

,<V 

(at -3 dB point) 






AM Rejection 

AMR 

Amplitude Modulation • 30°c 
f - 4.5 MHz 

40 

50 

- 

dB 

Transconductance 

Magnitude 

IGmWIF) 

f - 4.5 MHz 

IF Input Terminals: 2,1 

- 

500 

- 

mmho 

Phase Angle 

-(IF, 

IF Output Terminals: 9,3 

- 

46 

- 

degrees 

Feedback Capacitance 

Cfb 

f - 1 MHz; Terminals 2 and 9 

- 

• 0.02 

- 

pF 

Input Impedance Components: 

Rj(IF) 

Measured between 


17 


kn 

Parallel Input Resistance 

Terminal Nos. 1 and 2 



Parallel Input Capacitance 

Cj(IF) 

f = 4.5 MHz 

- 

4 

- 

PF 

Output Impedance Components: 

Mf) 

Measured between 


3.25 


kn 

Parallel Output Resistance 

Terminal No. 9 and gnd 



Parallel Output Capacitance 

C 0 flF) 

f -4.5 MHz 

- 

7.5 

- 

PF 

DETECTOR 
Recovered AF Voltage 

V 0 (af) 

f 4.5 MHz; V, 100 mV 
:.{ -25 kHz 

0.5 

0.75 . 

- 

V(rms) 

Total Harmonic Distortion 

THD 

Im 400 Hz 

- 

0.9 

2 

% 

Output Resistance: 







Terminal 7 



- 

7.5 

- 

kn 

Terminal 8 


- 

’ 300 

- . 

n 

ATTENUATOR 


See Fig. 7 





Max. Attenuation 


R x ,«p 

60 

80 

- 

dB 

Max. “Play-through" Voltage* 

- 

R X -oo 

- 

0.075 

1 

mV 

AUDIO AMPLIFIER 
Voltage Gain 

.A fat) 

V| - 0.1 Vfrms). f 400 Hz 

17.5 

20 

_ 

dB 

Total Harmonic Distortion 

THD 

Vo 2 Vfrms). f = 400 Hz 

- 

1.5 

- 

% 

Undistorted Output Voltage 

- . 

THD ■= 5®o, 1 - 400 Hz 

2 

2.5 

- 

V(rms) 

Input Resistance 

Rj(af) 

f = 400 Hz 

- 

70 

- 

kQ 

Output Resistance 

R 0 (af) 

f - 400 Hz 

- 

270 

- 

n 


*"Playth(ough” voltage is the unwanted signal, measured at Terminal 8, when the volume control is set for minimum output. 


The resistance values included on the schematic diagram have been 
supplied as a convenience to assist Equipment Manufacturers in 
optimizing the selection of '‘outboard" components of equipment 
designs. The values shown may vary as much as + 30V 
RCA reserves the right to make any changes in the Resistance 
Values provided such changes do not adversely affect the published 
performance characteristics of the device. 



L| ■ !6>tH NOMINAL 

^UNLOADED)'*® TO 65 TERMINALS 11,12,13,14 NO CONNECTION 


tiCM-lStlS 

Fig. 3 -Input limiting voltage, AM rejection, re- 
covered audio, total harmonic distortion, maxi- 
mum attenuation, maximum "play-through" 
test circuit. 



TERMINALS 7,8,11,13 NO CONNECTION 
ALL RESISTANCE VALUES ARE IN OHMS 


Fig. 4 -Audio voltage gain (undistorted output) 
test circuit. 


3.9 kn 



(a) Test circuit 



(b) Response curve 

Fig. 5 - Frequency response of IF-amplifier section of CA3065 
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CA3065 


1 

/'TV- « 

SIGNAL GENERATOR 
(HEWLETT-PACKARD E 

L l 

OR EQUIVALENT) 

(K Q 2 a 1 

- 

L H 1 


BALLANTINE 
TYPE 340 
VOLTMETER 
OR EQUIVALENT 



(a) Test circuit 


) FROM TERMINAL 6 TO GND-OHMS 



Fig. 7 - Cain reduction vs. resistance 
( terminal 6 to gnd) 


FREQUENCY - MHi 
(b) Response cm 


Fig. 6 - Frequency response of af-amplifier 
section of CA3065 



(a) Printed circuit board — bottom view * 


OPERATING CONSIDERATIONS 

The CA3065 may be used to drive a video output 
transistor or a high-transconductance output tube. 

As in all TV receivers, precaution should be 
taken to prevent destruction of the CA3065 in the event 
of cascade arcs originating in the picture tube or in the 
output tube. In the case of arcing in the output tube a 
resistor of 150k in series with terminal No. 12 and the 
grid of the tube is usually sufficient protection. 

To prevent damage from picture tube arcs, a careful 
analysis of board layout and coupling modes (electro- 
static or magnetic) may be necessary to suggest alter- 
nate layouts or appropriate locations for the placement 
of spark gaps to absorb the high energy discharge. 



(b) Parts layout — top v 


Fig. 8 - Recommended parts layout for TV receiver 
sound strip using CA306 5. 


* A 200 mil square grid was used in the layout of passive components on the 
printed circuit board. The Quad-in-line formed leads conform to a standard 
grid spacing of 100 mil centers. 
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CA3066, CA3067 
Television Chroma System 

The RCA CA3066 and CA3067 are monolithic silicon 
integrated circuits that constitute a complete chroma system 
for color television receivers. The CA3066 provides 
subcarrier regeneration and total chroma signal processing 
prior to demodulation; the CA3067 performs the 
demodulation and tint control functions. Each device utilizes 
a 16-lead quad-in-line plastic package. 


System Features 


CA3066 

CHROMA SIGNAL PROCESSOR 


CA3066 CHROMA SIGNAL PROCESSOR 

The CA3066 contains substantially all the color processing 
circuitry exclusive of the tint control and demodulating 
circuits. The chroma amplifier sections of the CA3066 
consist of the chroma and bandpass amplifiers. The chroma 
amplifier receives the chroma input signal at terminal No. 1. 
This amplifier is gain controlled by the automatic chroma 
control (ACC) detector-amplifier. The chroma signal is 
internally coupled from the output of the chroma amplifier 
to the input of the chroma bandpass amplifier and burst 
separator amplifier. The horizontal keying pulse (+8V) is 
used to gate the burst portion of the chroma signal from the 
input of the bandpass amplifier to the input of the burst 
separator amplifier. The bandpass amplifier is gain controlled 
by the dc chroma gain control and can also be controlled by 
the killer detector-amplifier. The bandpass amplifier output 
is internally coupled to the chroma output amplifier stage of 
the CA3066. The coils of the chroma amplifier and the 
bandpass amplifier are stagger-tuned to provide a combined 
typical bandpass of 3.08 to 4.08 MHz. The burst separator 
amplifier injects the burst signal into the 3.58 MHz oscillator. 
The oscillator amplitude is dependent on the terminal No. 9 
impedance to ground and is also responsive to the burst 
signal amplitude at terminal No. 11. The ACC detector and 
killer detector sense the burst level or absence of burst, 
respectively, by monitoring the oscillators response to the 
burst injection level. The thresholds for the ACC and killer 
are independently adjusted by resistors R2 and R1 at 
terminals No. 9 and No. 4, respectively. The chroma output 
is at terminal No. 14 and the oscillator output is at terminal 
No. 8. Terminal No. 6 is a zener diode for use as a regulated 
voltage reference at 11.9 volts. When the zener reference 
element is not used, the power supply voltage should be 
maintained at 1.1 .2 ± 0.5 volts. 


les ■ Complete Color Sync Circuit 

ng ■ Blanked Chroma Amplifier 

■ Chroma Band-Pass Amplifier 

6S ■ Low Output Impedance Chroma Driver 

■ ACC Detector-Amplifier 

■ Killer Detector-Amplifier 

■ DC Chroma Gain Control 

■ Zener Diode for Regulated Voltage Reference 

■ Short-Circuit Protection on All Terminals 

CA3066 

ELECTRICAL CHARACTERISTICS at Ta = 25°C and V + = 11.2 V 


CA3067 

CHROMA DEMODULATOR 

■ Balanced Chroma Demodulators 

■ Color Difference Matrix 

■ DC Tint Control 

■ Three Low Output Impedance Drivers for Direct Coupling 

■ Reference Subcarrier Limiter 

■ Zener Diode for Regulated Voltage Reference 

■ Internal RF Filtering 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

MIN. I TYP.I MAX. 

UNITS 

TEST FIG. 

AND 

CURVES 

Static Characteristics 





Voltages: 

ACC Reference 

Burst-Chroma Ampl. Bias Current Term. 

Killer Reference 

Zener Reg. Reference 

Oscillator Input 

Oscillator Output 

Balance (ACC Control) 

Chroma Output 
Currents: 

Total Supply 

Burst Separator Output 
Band-Pass Ampl. Output ~ 

Chroma Ampl. Output 
Dynamic Characteristics 

Oscillator Output 
Chroma Output: 

100% 

Killed 

ACC Detector Output 

Small-Signal Input Resistance (Term. No.1) 

Small-Signal Input Capacitance (Term. No.1) 

, Small-Signal Output Impedance (Term. No. 14) 


vi - 1.25 Vp.p 
vi = 0.025 Vp.p 
vi = 1.25 Vp.p 



^024 ^ I r— 
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MAXIMUM RATINGS, Absolute-Maximum Values at 
T A = 25° C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C . . . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating -40 to +85 U C 

Storage -65 to +150 °C 

Lead Temperature (During soldering for 

10s max. at not less than 1/32" from package) . . . +265 °C 

Voltage with respect to 

Terminal No. 5. Current 

Terminal V m j n . V max . Terminal l| l c 

No. (volts) (volts) No. mA mA 



Fig. 1 - CA3066 schematic diagram. 


Terminal No. 6 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 6. 

The upper voltage limit cannot exceed the power 
supply input voltage at terminal 12. 
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CA3066, CA3067 



Fig. 2 - Static characteristics test circuit for C A 3066. 



Fig. 3 - Typical ACC characteristic of chroma output us 
chroma input for CA3066. 



DYNAMIC CHARACTERISTICS TEST PROCEDURE 

Steps 1, 2, and 3 are performed with no Chroma input of the "line" amplitude. The chroma input (v-|) is in 

{ v i = 0) peak-to-peak volts of "line" amplitude. 


1. Adjust ACC potentiometer for V2 = +0.65V. 

2. Adjust Killer potentiometer for V4=+1.2V. 

3. Adjust capacitor C x (crystal trimmer) so that 
frequency of oscillator is 3.579545 MHz. 

4. Unless otherwise noted, the chroma gain control is at 
maximum gain (fully clockwise). 

5. The chroma input test signal is a 52.5 ps "line" at 
subcarrier frequency, and 10 cycles of burst at 46.5% 


6. The chroma output (v*| 4) is the same as the chroma 
input (vj) except that the burst is removed and keying 
overshoot occurs in the retrace period. The chroma 
output is in peak-to-peak volts of "line" amplitude. 

7. The oscillator output (vs) is the CW output at terminal 
No. 8 and is in peak-to-peak volts. Some modulation 
of oscillation dampening between burst injection is 
visible. 


CA3067 CHROMA DEMODULATOR 

The CA3067 contains the separate functional systems of a 
dc tint control and a demodulator. The phase shift of the tint 
amplifier system is accomplished by functional control of the 
fixed phase signal from the CA3066 oscillator output. This 
regenerated reference subcarrier is applied to terminal No. 3 
and driven differentially into phase shift circuits. The tint 
adjustment controls the vector addition of phase shifted 
signals after which a limiting amplifier removes any remain- 
ing amplitude modulation. The output of the tint amplifier 
at terminal No. 1 is phase separated for the required 
reference subcarrier phase at terminal No. 6 and No. 12 
(terminal No. 12 lags terminal No. 6 by approximately 76°). 
These terminals are inputs to the demodulator drive amp- 
lifiers. The demodulators consist of two sets of balanced 
detectors which receive their reference subcarrier from the 
demodulator drive amplifiers. The chroma signal input from 
the CA3066 is applied to terminal No. 14. The chroma signal 
differentially drives the demodulators. The demodulation 
components are matrixed and dc-shifted in voltage to give 
R— Y, G-Y, and B-Y color difference components with 
close dc balance and proper amplitude ratios. The output 
amplifiers of the CA3067 are specially designed to meet the 
low-impedance driving source requirements of the high-level 
color output amplifiers. A special feature of the CA3067 is 
R-C filtering of high frequency demodulation components. 
Terminal No. 4 is a zener diode for use as a regulated voltage 
reference at 11.9V. When the zener reference element is not 
used, the power supply should be maintained at +11.2 ±0.5 
volts. 




Fig. 5 - Static characteristics test circuit for CA3067. 


Fig. 6 - CA3067 schematic diagram. 
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CA3066, CA3067 


ELECTRICAL CHARACTERISTICS at Ta - 25°C and V + = 11.2 V 


CHARACTERISTIC 

SYMBOL 


LIMITS 


TEST 
FIG. AND 
CURVES 


MIN. |TYP. |MAX. 

UNITS 

Static Characteristics | 

Voltages: 

Tint Control Input 

V 2 

l 2 = 0.25 mA 

_ 

3.5 

_ 


9 

Reference Subcarrier 

v 3 


- 

2.1 

- 


Zener Regulator Ref. 

V 4 


10.6 

11.9 

12-6 

V 

B-Y, R-Y Oscillator Ref. Inputs 

v 6 ,v 12 


- 

5.7 

- 


Balance (B-Y, R-Y) 

V7, Vn 


- 

5.0 

- 


B-Y, G-Y, R-Y Outputs 

v 8,9, 10 


4.2 

5.0 

5.8 


9, 11, 12 

Difference Outputs* 

Av 8 AV 9 

AV10 


-0.3 

- 

0.3 


9 

Chroma Inputs 

V14.V15 


- 

3.0 

- 

Tint Ampl. Balance 

Vie 


- 

4.7 

- 

Currents: 

Tint Ampl. Output (min.) 

1 i(min.) 

Vi6 = 8V 

0.16 

0.37 

_ 

mA 


Total Supply 

h + h3 


15 

24 

33 

Dynamic Characteristics | 

Tint Amplifier Output 
Sensitivity 

Vi 

V3 = 7 mV (RMS) 

160 

250 

. 

mV 

(RMS) 

10 

Limiting Knee 

V3 = 35m V (RMS) 

- 

300 


Limiting 

V 3 = 350m V (RMS) 

- 

- 

380 

Tint Ampl. Phase Ref. A 

*6 

V3 = 70m V (RMS) 

185 

220 

235 

deg. 

Tint Ampl. Phase Shift t 

A0 6 

V3 = 70m V (RMS) 

90 

105 

- 

deg. 

Demodulated Chroma Output: 
R-Y 

V10 

V 3 = 70mV (RMS) 
Vi4 = 35mV (RMS) 

150 

250 

_ 

V(RMS) 

Ratio of G-Y to R-Y 

V 9/V 10 

0.28 

0.36 

0.44 

Ratio of B-Y to R-Y 

V 8/Vl0 

1.0 

1.2 

1.4 

Color Difference Output 
BW at 3.3 dB 

BWoiff. 

450 

550 

- 

kHz 

Color Difference Outputs (max. input signals): 
R-Y 

v 10 

V3 = 70mV (RMS) 

_ 

3.0 

_ 

V P-P 

G-Y 

v 9 

- 

1.1 

- 

B-Y 

v 8 


- 

3.6 

- 

Small Signal Input Resistance 
Terminal No. 3 

n 


_ 

550 

_ 

ft 

Terminal Nos. 6 & 12 


- 

22 

- 

Small Signal Output Resistance 
Terminal Nos. 8, 9, & 10 

r 

r o 


- 

5 

- 



DYNAMIC CHARACTERISTICS TEST PROCEDURE 

1. The reference subcarrier input (V3) is a 3.58 MHz CW 
signal from a 50ft source. 

2. The chroma input W14) is a 3.53 MHz CW signal from 
a 50ft source. 

3. Phase and amplitude at terminal Nos. 1, 3. 6 and 12 


Fig. 7 - Dynamic characteristics test circuit for CA3067. 

are measured with a vector voltmeter (HP8405A or 
equivalent). 

4. Signals at terminal Nos. 8, 9, and 10 are measured with 
an ac voltmeter (HP400E or equivalent) or an oscillo- 
scope. 

5. Unless otherwise noted the Tint control is at max- 
imum resistance. 


CA3067 

MAXIMUM RATINGS, Absolute -Maxi mum Values at 
T A = 25°C 

Supply Voltages and Currents (see charts below) 

Device Dissipation: 

Up to Ta = 70°C 600 mW 

Above Ta = 70°C . . . . derate linearly 7.7 mW/°C 
Ambient Temperature Range: 

Operating . -40 to +85 °C 

Storage -65 to +150 °C 

Lead Temperature (During soldering for 
10s max. at not less than 1/32" from package) . . . +265 °C 
Voltage with respect to 
Terminal No. 5 Current 


Terminal 

No. 

•i 

(mA) 

•o 

(mA) 

6 

3 

3 

7 

3 

3 

8 

20 

20 

9 

20 

20 

10 

20 

20 

11 

3 

3 

12 

3 

3 

13 

50 

1 

14 

1 

0.1 

15 

6 

2 

16 

N3 

N3 

1 

3 

3 

2 

3 

0.1 

3 

3 

3 

4 

20 

0.1 


Terminal 

No. 

v min. 

(volts) 

v max. 

(volts) 

6 

0 

N2 

7 

0 

N2 

8 

0 

N2 

9 

0 

N2 

10 

0 

N2 

11 

0 

N2 

12 

0 

N2 

13 

0 

12 

. 14 

-3 

N2 

15 

0 

N2 

16 

N3 

N3 

1 

0 

15 

2 

0 

N2 

3 

0 

5 

4 

N1 1 


N1 Terminal No. 4 is connected to a zener reference 
element, that, if used, should be biased by a positive 
voltage through a resistor that limits the current to a 
value which is less than the maximum current rating of 
terminal No. 4. 

N2 The upper voltage limit cannot exceed the power 
supply input voltage at terminal 13. 

N3 Terminal No. 16 should be bypassed for normal 
operation. 



92CS-I7505 

Fig. 9 - Temperature drift of DC voltage at color-difference 
outputs for CA3067. 
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CA3068 


Television Video IF System 


RCA-CA3068 is a monolithic integrated circuit that in- 
corporates an entire video TV-IF subsystem on a single chip. 
Innovations in integrated circuit design, in addition to the 
many active devices and closely matched components uti- 
lized in the circuit, make the CA3068 ideally suited for use 
in color and black-and-white TV receivers. 

The primary functions performed by the IF subsystem are 
video IF amplification, linear detection, video output ampli- 
fication, AGC from a keyed supply, AGC delay for tuner, 
sound carrier detection, sound carrier amplification, and a 
buffered AFT output. The advanced circuit design of the 
CA3068 also includes secondary functions for improved 


noise immunity and minimal airplane flutter. An isolated 
zener reference diode, incorporated in the 1C, provides a 
convenient and economical means for controlling the regu- 
lated voltage supply. The inherent wide bandwidth capability 
(10-70 MHz) and high overall gain (87 dB) make the CA3068 
suitable for other AM IF applications whose frequencies 
range within this bandwidth. 

The CA3068 utilizes a unique 20-lead quad-in-line plastic 
package. This package also includes a wrap-around shield 
that serves to minimize interlead capacitances. 


MAXIMUM RATINGS, Absolute Maximum Values, at T A - 25° C 
DC Supply Voltage: 

Between Terminals 16 and 6* 

Terminal 7 (Collector to ground) 

Terminal 9 (Collector to ground) 

DC Current (into Terminal 18) 


Device Dissipation: 

Up to Ta “ 60° C 600 mW 

Above Ta = 60°C derate linearly 6.7 mW/°C 

Ambient Temperature Range: 

Operating -40 to +85 °C 

Storage T -65 to +150 °C 

Lead Temperature (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max +265 °C 

This rating does not apply when using the internal zener reference in 
conjunction with the pass transistor. 


FEATURES: 

■ High-gain wideband IF amplifier: 76 dB typ. at 45 MHz 

■ Gain reduction with excellent stability: 50 dB typ. at 45 MHz 

■ Video detector with linear characteristics 

■ Video amplifier: 12 dB gain 

■ Impulse noise limiter 

■ Keyed AGC with noise immunity circuits 

■ Delayed AGC for tuner 

■ Buffered AFT output 

■ Separate sound IF intercarrier 
amplification 

■ Sound carrier detector 

■ 4.5 MHz sound carrier amplifier 

■ Isolated zener reference diode for 
regulated voltage supply 

■ See I CAN-6303, "A Single 1C for 
the Complete PIX-IF System in 

TV Receivers" for Schematic Diagram 



i .001 OI If VW-4 

r c ® ® 68K T fll 


wvvv 

r . 

® (7 

jokJ 

raaj 


R|»50 Kfl POTENTIOMETER 

L| *2.2 /» H: ADJUST No OF TURNS FOR ALIGNMENT 
LZ»I.S ADJUST No OF TURNS FOR ALIGNMENT 
C S I pF : ADJUST FOR PROPER ALIGNMENT 


UNLESS OTHERWISE INDICATED, ALL CAPACITANCE VALUES: 
LESS THAN 1.0 ARE IN MICROFARADS 
1.0 OR GREATER ARE IN PICOFARADS 


Fig. 1 Functional block diagram of the CA3068. 


I H P. 608C 
OR EQUIVALENT k 
RF GENERATOR 



(a) Test setup for measurement of video sensitivity, sync, tip level, delay bias, AFT drive voltage. 



ALL RESISTANCE VALUES ARE IN OHMS 


2 -ADJUST LEVEL V SO THAT 
THE STEPto-b) AT VIOEO 
OUTPUT TERM. IS 3 VOLTS. 
APPLY ONLY 49.73 MHi TO 


Fig. 2 - Test circuit for measurement of white level (Vjg) and terminal 2 voltage (V 2 ). 


(b) Test setup for measurement of sound and chroma outputs. 
Fig. 3 - Typical dynamic test circuit diagrams. 
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CA3068 


ELECTRICAL CHARACTERISTICS at Ta ■ 25 °C 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 


Min. 

Typ. 

Max. 

UNITS 

| Static (OC) Characteristics j 

Quiescent Circuit Current 

• 15 

- 

15 

- 

45 

mA 

DC Voltages: 







Terminal 2 (Sound) 

V 2 


- 

6 

- 

V 

Terminal 3 (Keying Input) 

V3 


6.4 

- ■ 

10 

V 

Terminal 7 (1) (AGC) 

V7 

- 

16 

- 

21 

V 

Terminal 7 (2) (AGC) 

V 7 

- 

- 

1 

- 

V 

Terminal 8 (AGC Delay) 

V8 

_ 

- 

4 

- 

V 

Terminal 9 (Cascode Collector) 

vg 

- 

- 

8.5 

- 

V 

Terminal 16 (Bias) 

vi6 

- 

1.1 

- 

2.3 

V 

Terminal 18 (Zener) 

Vis 

V5 = V17 = 0 V, 1 13 = 1 mA 

10.6 

11.9 

13.2 

V 

Terminal 19 (White Level) 

V19 

- 

6 

- 

10 

V 

| Dynamic Characteristics j 

Video Sensitivity 

e l 

f Q = 45.75 MHz, Mod. (AM) = 85% 
at 400 Hz; Adjust e| for 4 V p . p at 
Term. 19 

40 

100 

200 

nV 

Sync. Tip Level Voltage 

Vl9 

f 0 = 45.75 MHz, e|(CW) = 10 mV 

0.4 

0.8 

1.6 

V 

Automatic Fine Tuning (AFT) 
Drive Level Voltage 

V H 



15 

- 

mV 

Delay Bias Voltage: 

v 7 






At e| = 10 mV 


f 0 = 45.75 MHz, e|(CW) = 20 mV; 

16 

_ 

_ 

V 

At e| = 30 mV 


Adjust R j for V7 = 14 V 

0.5 

- 

2 

V 

3.58 MHz Chroma Output 

v 19 

f 0 = 45.75 MHz, ej(step mod.) = 





Voltage 


10 mV; 

fl = 42.17 MHz, e| (step mod.) = 

0.5 

0.8 

- 

V 



3.33 mV 





4.5-MHz Sound Output Voltage 

v 2 

f 0 = 45.75 MHz, e|(step mod.) = 
10 mV; 

f 2 = 41.25 MHz, e|($tep mod.) = 

50 

200 

- 

mV 



2.5 mV 





Parallel Input Impedance: 







Resistance at Term. 6 

R l— 6 


4 

- 

- 

k O 

Capacitance at Term. 6 

C|-6 

f Q = 45.75 MHz 

- 

2 


pF 







Resistance at Term. 12 

R 1 — 12 


- 

4.5 

- 

kSl 

Capacitance at Term. 12 

Cl-12 

Impedance and Admittance 

- 

4 

... 

pF 

Resistance at Term. 13 

r I-13 

measured at bias conditions 

- 

5 


kfi 

Capacitance at Term. 13 

C|-13 

shown in Fig. 7 

~ 

4 

- 

pF 

Parallel Output Impedance: 







Resistance at Term. 9 

r O-9 


30 

- 

- 

kfi 

Capacitance at Term. 9 

CO-9 


- 

3 

- 

pF 

Cascode Transfer Characteristics: 







Magnitude of Forward 

|Vf| 


- 

50 

- 

mmho 

Transadmittance 







Reverse Transfer Capacitance 

c r 


- 

0.001 

" 

pF 



Fig. 4 - Test circuit for measurement of quiescent current 
(1 15 ), keying terminal voltage (V 3 ), bias voltage (Vis). AGC 
terminal voltage 1 (Vy), and cascode collector voltage ( Vg ) 



Fig. 5 — Test circuit for measurement of AGC terminal 
voltage 2 (Vy) and terminal 8 voltage (Vs). 
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CA3070, CA3071, CA3072 Types 


Television Chroma System 


The RCA CA3070, CA3071, and CA3072 are monolithic 
silicon integrated circuits that constitute a complete chroma 
system for color television receivers. The CA3070 is a 
complete subcarrier regeneration system featuring a new 
concept of phase control applied to the oscillator circuit. The 
CA3071 is a chroma amplifier system and the CA3072 


performs the demodulation function. 

The CA3070 utilizes the 16-lead plastic dual-in-line package; 
the CA3071 and CA3072 are supplied 14-lead plastic 
dual-in-line packages. 


CA3070 

Chroma Signal Processoi 

The CA3070 is a complete subcarrier regeneration system 
with automatic phase control applied to the oscillator. An 
amplified chroma, signal from the CA3071 is applied to 
terminals No. 13 and No. 14, which are the automatic phase 
control (APC) and the automatic chroma control (ACC) in- 
puts. APC and ACC detection is keyed by the horizontal 
pulse which also inhibits the oscillator output amplifier 
during the burst interval. 

The ACC system uses a synchronous detector to develop a 
correction voltage at the differential output terminal Nos. 15 
& 16. This control signal is applied to the input terminal Nos. 

1 & 14 of the CA3071 . The APC system also uses a synchro- 
nous detector. The APC error voltage is internally coupled to 
the 3.58 MHz oscillator at balance; the phase of the signal at 
terminal No. 13 is in quadrature with the oscillator. 

To accomplish phasing requirements, an RC phase shift 
network is used between the chroma input and terminal Nos. 

13 and 14. The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The same oscillator 
signal is available at terminal Nos. 7 and 8, but the dc output 
of the APC detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at terminal No. 8 
is shifted in phase compared to the output at terminal No. 7, 
which is applied directly to the crystal circuit, control of the 
relative amplitudes at terminal Nos. 7 and 8 alters the phase 
in the feedback loop, thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc offsets are 
provided to establish an initial no-signal offset control in the 
ACC output, and a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit which controls 
the oscillator frequency. The oscillator output stage is 
differentially controlled at terminal Nos. 2 and 3 by the hue 
control input to terminal No. 1. The hue phase shift is 
accomplished by the external R, L, and C components that 
couple the oscillator output to the demodulator input 
terminals. The CA3070 includes a shunt regulator to establish 
a 1 2-volt dc supply. 

Maximum Voltage and Current Ratings at Ta = +25°C 
Voltage* Current 

Terminal Min. Max. Terminal l| lo 

No. Volts Volts No. mA mA 



Terminal 

No. 

'I 

mA 

•o 

mA 


1 

20 

1 


2 

- 

- 


3 

- 

- 


4 

20 

1 


10 

N3 

1 


11 

- 

- 


12 

- 

- 


13 

20 

1 


14 

20 

1 


* With respect to terminal 
No. 5 and with terminal 
No. 10 connected through 
470ft to +24 V. 

N1 Regulated voltage at termi- 
nal No. 10. 

N2 Controlled by max. input 
current 

N 3 Limited by dissipation. 



SYSTEM FEATURES 

CA3Q70 

■ Voltage Controlled Oscillator 

■ Keyed APC & ACC Detectors 

■ DC Hue Control 

■ Shunt Regulator 

CA3071 

■ ACC Controlled Chroma Amplifier 

■ DC Chroma Gain Control 

■ Color Killer 

■ Amplifier Short-Circuit Protection 

CA3072 

■ Synchronous Detector with Color Difference Matrix 

■ Emitter-Follower Output Amplifiers with Short-Circuit 

Protection 



m ^ 


Fig. 1 — Simplified block diagram of TV chroma system. 


2 S 10 16 IS 


allresistance values are inohms 


Fig. 2 - Schematic diagram CA3070. 


345 




CA3070, CA3071, CA3072 Types 


MAXIMUM RATINGS, Absolute Maximum-Values at Ta sx 25°C 
Device Dissipation: 

Up to Ta - +70° C 530 mW 

Above Ta = +70°C . . . Derate Linearly at 6.7 mW/°C 

Ambient Temperature Range: 

Operating —40 to +85 °C 

Storage -65 to +1 50 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in.. (3.17 mm) from seating plane 
for 10 s max +265 °C 






NOTES: 

1. ALL RESISTANCES IN OHMS. 

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES 
ARE IN MICROFARADS. 

3. v 2 a v 3 MEAS'D WITH LOW-CAPACITY SCOPE 
PROBE S 20 pF. 

Fig. 4 — CA3070 Dynamic test circuit. 


Dynamic Test Initial Adjustments 

1. APC ADJUST: With S2 in "OFF" position adjust the 
"APC ADJ" potentiometer to set oscillator frequency at 
3.579545MHz ±25 Hz. With SI in position 1 measure 
frequency at terminal No. 2 output, using crystal probe 
shown in Fig. 6. 

2. ACC ADJUST: With S2 in "OFF" position adjust "ACC 
ADJ" potentiometer to give an ACC output reading of 
0 ±2 mV. 

Procedure to Pull-in Range Measurement 

1. Set SI in position 1 and connect the crystal probe to 
terminal No. 2. 

2. Turn S2 to "OFF" and set "APC ADJ." arm to ground. 

3. Turn S2 to "ON" and gradually adjust "APC ADJ" until 
oscillator "locks" as witnessed by a sharp increase in ACC 
output voltage between terminal Nos. 15 and 16. 

4. Turn S2 to "OFF" and adjust capacitor Cp of crystal 
probe for maximum deflection on Ballantine Meter. 

5. Switch Ballantine meter to "Amplifier" position and read 
oscillator frequency on counter. 

6. Repeat steps 2-5 with "APC ADJ" arm set to terminal 
No. 10 instead of to ground. 


CRYSTAL (3579545 MHz ) 



Fig. 5 - Crystal probe for frequency measurements. 
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CA3070, CA3071, CA3072 Types 


CA3071 Chroma Amplifier 


The CA3071 is a combined two-stage chroma amplifier and 
functional control circuit. The input signal is received from 
the video amplifier and applied to terminal No. 2 of the 
input amplifier stage. The first amplifier stage is part of the 
ACC system and is controlled by differential adjustment 
from the ACC input terminal Nos. 1 and 14. The output of 
the 1st amplifier is directed to terminal No. 6 from where 
the signal may be applied to the ACC detection system of 
the CA3070 or an equivalent circuit. The output at terminal 
No. 6 is also applied to terminal No. 7 which is the input to 
the 2nd amplifier stage. Another output of the 1st amplifier 
at terminal No. 13 is directed to the killer adjustment circuit. 


The dc voltage level at terminal No. 13 rises as the ACC 
differential voltage decreases with a reduction in the burst 
amplitude. At a pre-set condition determined by the killer 
adjustment resistor the killer circuit is activated and causes 
the 2nd chroma amplifier stage to be cut off. The 2nd 
chroma amplifier stage is also gain controlled by the 
adjustment of dc voltage at terminal No. 10. The output of 
the 2nd chroma amplifier stage is available at terminal No. 9. 
The typical output termination circuit that is shown, 
provides differential chroma drive signal to the demodulator 
circuit. Both amplifier outputs utilize emitter-followers with 
short-circuit protection. 


MAXIMUM RATINGS, Absolute Maximum-Values at T & = 25° C 
DC Supply Voltage | lerminal 8 

to Terminal 4) 30 VDC 

Device Dissipation: 

Up to Ta = +70° C 530 mW 

Above Ta = +70°C .... Derate Linearly at 6.7 mW/°C 
Ambient Temperature Range: 

Operating -40 to +85 °C 

Storage —65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/32 in (3.17 mm) 

from seating plane for 10 s max +265 °C 



ELECTRICAL CHARACTERISTICS, at T A - 25° C 





LIMITS 


CURVES 
S. TEST 
CIRCUITS 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3071 

UNITS 


(Measure) 


- 

TYP. 

MAX. 


FIG. 

Static Characteristics 

Voltages 

Bias Reference Terminal 

V, 2 

Si Open. S 2 Open 


173 




Ampl No 1 Chroma 
Input 

V 2 

Si Open, S 2 Open 


1 75 




Ampl No 1 Chroma 
Output Balanced 

V6 

Si Open. S 2 Open 


20 


v 

7 

Unbalanced 

V6 

Si Open. S 2 Closed 


135 

- 



Ampl No 2 Chroma 
Input 

V7 

Si Open, S 2 Open 


15 




Ampl No 2 Chroma 
Output 

v 9 

Si Closed. S 2 Open 


206 




Supply Current 

IT 

Si Open. S 2 Open 

17 

24.5 

~ n 

mA 



Dynamic Characteristics 


Amplifier No 1 Voltage Gain 

A V1 

Eg 30mVRMS Meeaure v 6 

14 

- 


dB 

8 

Amplifier No 2 Voltage 
Gain 

a V2 



14 


dB 

Max Chroma Output 
Voltage 

vg 



2 


Vrms 

11 

10% Chroma Gam Control 
Reference Voltage 

v 8 -Vio 

E g 50 mVRMS. ad|ust Chroma 
Gam Control to Change vg to 
10% of Maximum Chroma 
Output 

2.1 

3.8 

6.8 


8 

Output Voltage. Killer Off 

vg 

Si in Position 2 
fcg 50 mVRMS. ad|ust "Killer 
Adjust" for an abrupt decrease 



12 

mV 

RMS 

Output Voltage. Chroma Off 

vg 

Eg * 50 itiVrms. *d|ust Chroma 
control to min Chroma Output 



12 

mV 

RMS 

Bandwidth: 

Amplifier No. 1 

BW 



12 


MH, 

9 , 10 

Amplifier No 2 



30 

- 

Ampl. No 1 Input 
Impedance 

r i' 


- 

2 

- 

k!2 

8 

Cjl 


- 

4 

- 

pF 

Ampl. No 1 Output 

r o' 


- 

85 

- 

12 

Ampl. No. 2 Input 
Impedance 

r,2 


- 

2 1 

- 

k!2 

c,2 


. 

35 

- 

P c 

Ampl. No 2 Output 
Impedance 

'o2 



85 | 

- 

12 


Maximum Voltage and Current Ratings 8 Ta b +25° C 


Current 


Voltage* 


Terminal 

No. 

l| 

mA 

io 

mA 

1 

5 

1.0 

2 

5 

1.0 

3 

10 

10 

6 

1.0 

20 

7 

5 

1.0 

9 

1.0 

20 

-a 

1.0 

5 

14 

5 

1.0 


* With reference to 
terminal No. 4 and 
with +24 V on terminal 
No. 8 except for the 
rating given for terminal 
No. 8. 


Tarminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

1 

-5 

+15 

2 

-5 

+5 

3 

0 

+2 

6 

0 

+24 

7 

-5 

+5 

8 

0 

+30 

9 

0 

+24 

10 

0 

+24 

11 

0 

+24 

12 

0 

+20 

13 

0 

+20 

14 

-5 

+15 


3.3KQ 




2. CHROMA GAIN CONTROL SET TO GROUND UNLESS OTHERWISE 
NOTED IN TASLE OF DYNAMIC CHARACTERISTICS 

3. ALL RESISTANCES IN OHMS 

4 ALL CAPACITANCES ARE IN MICROFARAOS UNLESS OTHERWISE 92 CM-irsei 

SPECIFIED 

Fig . 8 - Dynamic characteristics circuit-CA307 1 . 
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CA3070, CA3071, CA3072 Types 




Fig. 11 — Typical CA3071 wideband 
amplifier linearity 


Fig. 9 — CA3071 Wideband amplifier 
circuit. 


CA3072 Chroma Demodulator 

The CA3072 has two sets of synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, and B-Y color 
difference output signals. The chroma input signal is applied 
to terminal Nos. 3 and 4 while the oscillator injection signal 
is applied to terminal Nos. 6 and 7. The color difference 
signals, after matrix, have a fixed relationship of amplitude 
and phase nominally equal dc voltage levels. The outputs 
of the CA3072 are suitable for driving high level color 
difference or R, G, B output amplifiers. Emitter-follower 
output stages used to drive the high level color amplifiers 
have short-circuit protection. 

MAXIMUM RATINGS, Absolute Maximum-Values at T A ‘ 25° C 

DC Supply Voltage (Terminal 8 to Terminal 14 ) 27 V 

Reference Input Voltage. 5 Vp_ p 

Chroma Input Voltage 5 Vp_ p 

Device Dissipation: 

Up to T A = +70°C 530 mW 

Above T A = +70°C Derate Linearly at €.7 mW/QC 

Ambient Temperature Range: 

Operating -40 to +85°C 

Storage 66 to +150°C Fig. 12 — Schematic diagram for CA3072. 

Lead Temperature (DuringSoldering): 

At distance 1/32 in (3.17 mm) from seating plane ELECTRICAL CHARACTERISTICS, at T A = 25° C and V + = +24 V unless otherwise specified 

for 1 0 s max +265°C 

Maximum Voltage and Current Ratings 
at T A = +25°C 

Voltage* Current 


with the voltage between terminal No. 8 
and terminal No. 14 at +24 V except as 
given in rating for terminal No. 8. 


Fig. 13 — Static characteristics test circuit-CA3072. 




’With reference to terminal No. 14 and 




LIMITS 

TEST 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS CA3072 

UN ,TS CIRCUITS 



MIN. |TYP.|MAX. 

FIG. 


Static Characteristics 


Supply Current 

With Output Loads 

it 

Si Closed 

16.5 


26.5 


With No Output Loads 


Si Open 

- 

9 



G-Y, R-Y, B-Y Outputs 

Vg, Vii. V13 

Si Closed 

13.2 

14.7 

15.8 

13 

Chroma Inputs 

V3. V 4 

Si Open 

- 

3.3 

- 

V 

Reference Subcarrier 

V 6 . V 7 

Si Open 

- 

6.2 

- 



Dynamic Characteristics 
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Fig. 14 - Dynamic characteristics test circuit for CA3072. 


Application Information 

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA 
SYSTEM 

The circuit of Fig-is ; is a complete signal processing system 
for color TV. The RCA types CA3070. CA3071 and CA3072 
monolithic integrated circuits are respectively used as the 
subcarrier regenerator, chroma amplifier, and chroma 
demodulator. 

The input to the system is the chroma signal which may be 
taken from the first or second video stage and is coupled into 
the CA3071 chroma amplifier through a bandpass filter. The 
outputs from the system are the color difference signals 
which are intended to drive high level amplifiers. Luminance 
mixing may be external to the picture tube or, the difference 
signals may be amplified and applied to the picture tube grid 
or cathode, where they are internally mixed with the 
luminance signal. 

Other input requirements to the system are the power supply 
voltage of +24 volts and the horizontal keying pulse. The 
power supply voltage should be maintained within ±3 volts 
of the recommended value of +24 volts. The total current for 
the system is approximately 70 milliamperes. The horizontal 
keying pulse input to the subcarrier regenerator is approxi- 
mately +4 volts peak and centered on the burst as seen at 
terminal Nos. 13 and 14 of the CA3070. The pulse width 
should be maintained as close as possible to the recom- 
mended value of 4.5 microseconds. 

CA3070 Circuit Operation 

The CA3070 circuit as shown in Fig. 2, consists of an 
oscillator, automatic phase control (APC) detector, auto- 
matic chroma control (ACC) detector, gated oscillator 
output amplifier and a shunt regulator. The shunt regulator 
provides the necessary bias stability for the 3.579545 MHz 
oscillator, as well as the bias to all functions of the CA3070 
circuit. The regulation voltage is nominally +12 volts as 
measured at terminal No. 10. 

The APC and ACC detectors are synchronous detectors 
which are keyed by the horizontal input pulse. This form of 
detection eliminates the need for a burst separator as an 
individual amplifier stage. When a positive pulse is present at 
terminal No. 4, the oscillator output is cutoff and the 
oscillator drive signal is diverted to the APC and ACC 
detectors. Referring to Fig. 2, the APC detector (Qg & Qkj) 
and the ACC detector (Q5 & Qg) are emitter driven from the 


oscillator transistor (Qf 7), when the oscillator output ampli- 
fier transistors (Q2 & Q3) are cutoff. The chroma signal is 
applied to terminal Nos. 13 and 14. There is oscillator 
current drive to the APC and ACC detectors during the 
keying interval; burst separation is effectively accomplished 
by the gating action of the detectors. A further advantage of 
the keying action is the high gain made possible as a result of 
the low average current flow of the APC and ACC detectors. 
High resistor values of 62 kilohms at the detector output 
terminals provide proper detector bias consistent with the 
duty factor of the keying pulse. For a wider keying pulse, it 
is necessary that smaller values of detector load resistors be 
used. 

In the absence of the keying pulse (line period), the resistor, 
R20. biases the oscillator's output amplifier transistors (Q2 & 
Q3) on by keeping their emitters at a higher potential than 
the base bias voltages of Q5, Qg, Qg, and Qkj- The 3.58 
MHz signal is now present at terminal Nos. 2 & 3. 
Photographs of oscilloscope traces for one line period at the 
terminal Nos. 1 , 2, and 3 are shown in Fig. 1 61 The effect of 
the keying pulse is shown in Fig.1 6a, and the cutoff of the 
oscillator output amplifier is shown in Fig.1 6( b) and 1 6c. 

The oscillator section of the CA3070 consists of the loop 
formed by Qiq and the emitter driven differential pair, Q13 
& Q14. The signal output from terminal Nos. 7 & 8 is 
coupled through the series tuned crystal circuit back through 
terminal No. 6 to Qjg & Q17. The collector of Q17 drives 
the oscillator output amplifier and the APC & ACC de- 
tectors. Q17 is emitter coupled to transistor Q-|8. The 
oscillator frequency and phase control is accomplished by 


the differential drive from the APC detector to transistors 
Ql2 & Ql5 which control the balance of Q13 & Q14. The 
resulting phase of the feedback loop is determined by the 
relative amplitudes of the oscillator output signal at terminal 
Nos. 7 and 8. The 65 pF capacitor between terminal No. 7 
and 8 provides the phase shifting component as the balance 
of Q13 and Q14 is varied. In this way the APC detector 
controls the crystal frequency at which the phase shift is 
cancelled in the feedback loop. 

The controls for the CA3070 subcarrier regenerator circuit 
are the APC balance, the ACC balance, and the hue control. 
The hue control is a dc balance adjustment of the oscillator 
output amplifier transistors Q2 & Q3. A phase delay network 
between the output terminals Nos. 2 & 3 determines the 
range of the hue control, which for the value shown in Fig. 

1 5, is approximately 90°. 

The ACC adjustment sets the initial balance of the ACC drive 
to the input of the CA3071 in Fig. 15 (terminal Nos. 1 and 
14 of the CA3071). The APC is a frequency adjustment of 
the oscillator through the balance control of the APC 
detector. 

As a setup adjustment, for both the ACC and APC, switch SI 
is opened and S2 is closed. The chroma input to the system is 
removed and the dc voltage at terminal No. 6 of the CA3071 
is noted. The switch S2 is then opened and the ACC adjusted 
to set the voltage at terminal No. 6 to that previously noted. 
Alternatively, the differential dc voltage at terminal Nos. 15 
& 16 of the CA3070 may be set to 0 mV (±2 mV) when SI 
and S2 are open, and the CA3071 is removed from the 
circuit. 



Fig. 16(a) - CA3070 terminal No. 1 
7.5 V oscillator " gate off" pulse. 


Fig. 16(b) -CA3070 terminal No. 2, 3.5 V p . p oscillator 
output; one horizontal tine, (gated off during burst). 


Fig. 16(c) - CA3070 terminal No. 3, 2.0 V p . p oscillator 
output; one horizontal line, (gated off during burst). 
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With the chroma signal still removed, the APC adjustment 
sets the frequency of the oscillator to 3.579545 MHz. Due to 
the gated off interval, a counter will not accurately record 
the frequency at the oscillator output amplifier terminals. 
Two simple and accurate methods are as follows: (1) a 
buffered crystal filter circuit, connected to the oscillator 
output amplifier terminals will continue to ring and fill 
the gated off window providing the proper interface to a 
counter; (2) the other method involves monitoring the 
demodulated output at the color difference output terminals 
of the CA3072. A zero beat signal, at the color difference 
outputs may be seen on an oscilloscope. 

When these adjustments are made, similar oscilloscope traces 
should be seen as shown in Fig. 1 7. 


CA3071 CIRCUIT OPERATION 

The CA3071 Is the basic amplifier and control circuit of the 
chroma system. It contains the gain control functions of the 
ACC loop, the color killer, and the dc chroma gain control. 
The CA3071 is a wide band amplifier having two stages of 
voltage gain. Curves of frequency-response and linearity are 
shown in Figs. 1 0 & 1 1 for the wideband circuits shown in 
Fig. 9. This is the same basic amplifier as the one in the 
system shown in Fig. 15 except for the omission of the tuned 
circuits and the ACC loop connection. The amplifiers have 
bandwidths of greater than 10 MHz, and are usable well 
beyond 30 MHz. The signal swing of the wide band amplifier 
is in excess of 5 V p . p , even with the typical load coupling as 
shown in Fig. 1 5. Fig. 1 8 (a, b and c) show the oscilloscope 
traces for an NTSC signal at the chroma input. The overall 
frequency-response curves are shown in Fig. 1 9. 

CA3071 operation is as follows (Refer to Figs. 6 &1 5). The 
input chroma signal is applied to terminal No. 2. This signal 
is amplified in a cascode differential circuit from Qio to Ql2 
and the output is an emitter follower, Qi 4 (Terminal No. 

6.) The signal is divided in the Qg & Q12 differential 
amplifier, depending on the applied ACC error signal ampli- 
tude at terminal Nos. 1 & 14. The ACC error signal is de- 
rived from terminal Nos. 15 & 16 of the CA3070 and after 
filtering, is applied to terminal Nos. 1 & 14 of the CA307 1 . 

At low signal drive, the 390 kilohm resistor at switch SI 
(normally closed) unbalances the differential amplifier for 
high signal gain through Q-|2- As the burst level at the 
chroma input increases, the ACC drive changes differentially 
in a positive direction at terminal No. 14 and a negative 
direction at terminal No. 14 and a negative direction 
at terminal No. 1. At strong signal levels the gain is 
reduced by diverting the balance of ac current in the 
differential amplifier from Q12 to Qg, which is shunted to 
ac ground at terminal Nos. 12 and 13. The ACC loop is 
completed through the chroma signal at terminal No. 6 of 
the CA3071 to terminal No. 14 (input) of the CA3070. A 
typical ACC characteristic is shown in Fig. 23. 

The chroma signal is buffer connected from terminal No. 6 
to terminal No. 7 of the CA3071 and is amplified in the 2nd 
stage of voltage gain. Both the color killer adjustment and the 
dc chroma gain control are applied to the 2nd stage to 
control the chroma output at terminal No. 9. The color killer 
section of the CA3071 is a Schmitt trigger & amplifier circuit 
consisting of transistors Q-|, Q2 and Q3. Under maximum 
chroma output conditions, the diode D2 is reversed biased, 
and the signal path is through Q15, Q4 and Q5 to terminal 
No. 9. When the color killer circuit is actuated, or the 
chroma gain control is adjusted to a higher positive voltage at 
terminal No. 10, the anode voltage of diode D2 is increased 
to draw current from the signal path at the emitter of Q4. 
This decreases the chroma gain as the potential at terminal 
No. 10 is increased. When the potential at terminal No. 10 
is the same as terminal No. 8, the chroma output at terminal 
9 is cutoff. 

The color killer circuit provides an abrupt voltage swing at 
the anode of D2 to cutoff the chroma output when the 
Schmitt trigger circuit is forward biased at terminal No. 13. 

In the circuit of Fig. 18, the color killer adjustment is a 
resistance divider circuit which establishes the threshold of 
burst level at which the killer operates the chroma amplifier. 


CA3072 CIRCUIT OPERATION 

The CA3072 is a chroma demodulator having full color 
difference signal demodulation capability. The chroma signal 
is applied to terminal Nos. 3 & 4 and the reference subcarrier 
signal is applied to terminals Nos. 6 & 7 of the CA3072. 
The output color difference signals are B-Y at terminal 
No. 13, R-Y at terminal No. 11, and G-Y at terminal No. 9. 
The typical level of differential chroma drive required at 
terminal Nos. 3 & 4 is 400 mV p . p . The amplitude of 
chroma at terminal No. 6 & 7 is approximately 1.0 volt at 
104° relative phase difference which results in a B-Y output 
amplitude of 5V p . p . The voltages of the R-Y & G-Y outputs 
are at 3.8 and 1.0 V p . p respectively, when there is 5V p . p 
output at B Y. These comparative signals are based upon a 
complete phase rotation of the chroma relative to the 
subcarrier signal reference. The relative demodulation phase 
and amplitude ratios of the Fig.1 5 circuit are shown in the 
oscilloscope trace photographs of Fig. 21. Using the hue 
control setting for B-Y phase at the B-Y output, the G-Y 
color-difference signal is approximately -104° and the R-Y 
color-difference signal is approximately +106°. Since the 
amplitude ratios are a function of the applied signal phase 
relationship, the NTSC color difference output signals are 
shown here primarily for phase reference conditions. 

CHROMA SYSTEM CONSTRUCTION 

Fig. 25 shows the complete CA3070, CA3071 and CA3072 
chroma system in the Fig. 18 circuit. Table I lists the dc 
terminal voltages for the system. The chroma gain and hue 
controls, as well as the switches SI and S2 are removed. The 
template circuit board layout is also shown for duplication 
purposes. It should be noted that a few component values are 
modified in Fig. 18 from the dynamic circuit values of the 
data sheet. These are necessary for system matching and 
overall filter requirements. 



Fig. 18(a) - CA3071 chroma input 1.25 Vp.p; one horizontal 
line of NTSC input signal. 



m BUM 


Fig. 18(b) -CA3071 terminal No. 6, amplifier No. 1 chroma 
output 2.3 Vp. p ; one horizontal line for 1.25 V p . p chroma 
input 

llf®^ 



Fig. 18(c) -CA3071 terminal No. 9, amplifier No. 2 chroma 
output 5.5 Vp. p ; one horizontal line for 1. 25V p . p chroma 
input 



Fig. 17(a) -CA3070 terminal No. 6. oscillator waveform 
1. 1 V p .p 3.58 MHz. 




Fig. 19(a) - Frequency response sweep curve between 
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div. 



Fig. 17(b)- CA3070 terminal No. 7. oscillator waveform 
1.4 Vp.p 3.58 MHz. 


Fig. 19(b) - Frequency response sweep curve between 
terminal No. 2 of CA3071 and terminal No. 3 of CA3072. 
f = 250 KHz/div. 



Fig. 17(c) - CA3070 terminal No. 8, oscillator waveform 
1.6 Vp.p 3.58 MHz. 



Fig. 20 - Typical ACC characteristics for chroma system 
of Fig. 18 
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Fig. 21 (a) • CA3072 - terminal No. 3 or 4, chroma input Fig. 21(b) * CA3072 - terminal No. 6 or 7. reference p ^ 21(c) - CA3072 terminal No. 13, 4.8 v D . D B Y output 

signal, 220 mVp. p , one horizontal line subcarrier 1.2V ^ one horizontal line one horizontal line 



w 


■ J** “ 



Fig. 21(d) ■ CA3072 ■ terminal No. 11, 5.2 Vp. p R-Y output t 
one horizontal line 


Fig. 21(e) - CA3072 - terminal No. 9, 1.2 v p . p G Y output / 
one horizontal line 
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CA3088E 

AM Receiver Subsystem 


MAXIMUM RATINGS, Absolute Maximum Values, at T A = 2S°C 


Includes: AM Converter, IF Amplifiers, Detector and Audio Preamplifier 
For Applications in a Variety of AM Broadcast and Communications 
Receivers and Applications Requiring an Array of Amplifiers 


Features: 

■ Excellent overload characteristics 

■ AGC for IF amplifier 

■ Buffered output signal for tuning 
meter 

■ Internal Zener diode provides voltage regulation 

■ Two IF amplifier stages 

■ Low-noise converter and first IF amplifier 


DC SUPPLY VOLTAGE: 

Across Term. 5 and Terms. 3, 6, 13, 16, respectively 
DC CURRENT: 

At Terms. 3, 6, 1 3, 1 6, respectively 

At Term. 10 

DEVICE DISSIPATION: 


Up to T A - 50°C 760 

Above T a = 50°C derate linearly 7.6 

AMBIENT TEMPERATURE RANGE: 

Operating -55 to +125 

Storage -65 to +150 

LEAD TEMPERATURE (During soldering): 

At distance not less than 1/32" (0.79 mm) from case for 10 seconds max. +265 


V 

mA 

mA 

mW 

mW/°C 

°C 

°C 

°C 


TheCA3088E is supplied in the 16-lead dual- in-line plastic package. 


■ Low harmonic distortion (THD) 

■ Delayed AGC for-RF amplifier 

■ Terminals for optional inclusion 
of tone control 

■ Operates from wide range of power supplies: V + = 6 to 
16 volts 

■ Optional AC and/or DC feedback on wide-band amplifier 

■ Array of amplifiers for general-purpose applications 

■ Suitable for use with optional external RF stage, either 
MOS or bipolar 


RCA-CA3088E*, a monolithic integrated circuit, is an AM 
subsystem that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 

The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and 
terminals facilitating the optional use of a tone control. 
Fig. 2 is a functional diagram of the CA3088E. The signal 
from the low-noise converter is applied to the first IF 
amplifier and is then coupled to the second IF amplifier. 
This IF signal is then detected and externally filtered. The 
resultant audio signal is applied to an audio preamplifier. 
Optionally, a tone control circuit may be connected at the 
junction of the detector circuit and the audio preamplifier. 
The gain of the first IF amplifier stage is controlled by an 
internal AGC circuit. The CA3088E supplies a delayed 
AGC signal output for use with an external RF amplifier. A 
buffered output signal is also available for driving a tuning 
meter. A DC voltage, internally regulated by a Zener diode, 
supplies the second IF amplifier, the AGC and tuning meter 
circuits and may also be used with any other stage. 
The CA3088E features four independent transistor amp- 
lifiers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general- 
purpose amplifier, oscillator, and detector applications in a 
wide variety of equipment designs. 

Formerly Developmental Type TA5842. 



Fig. 1-Test circuit for DC characteristics. 
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CA3088E 


TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

T A - 25°C 
V+-12V 

TEST 
CIRCUIT 
FIG. NO. 

Static (DC) Characteristics j 

DC Voltages: 

Terms. 1,4,9, 11 

Vi. 4, 9, 11 


1 

0.7 

V 

Terms. 2, 7, 8 

V2.7.8 


1.4 

V 

Term. 10 

VlO 


5.6 

V 

Term. 12 

V12 


0 

V 

Term. 15 

V15 


3.5 

V 

DC Current: 
Term. 3 

13 


1 

0.35 

mA 

Term. 6 

<6 


1.0 

mA 

Term. 10 

'10 


20 

mA 

Term. 13 

1 1 3 


0 

mA 

Term. 16 

*16 


1.2 

mA 

| Dynamic Characteristics j 

Detector Output 


30% Modulation 

4 

75 

mV RMS 

Audio Amplifier Gain 

aaf 

f = 1 kHz 

4 

30 

dB 

Audio Distortion 


VoUT = 100 mV 

4 

0.2 

% 

Sensitivity: 

At Converter Stage Input 


f|N = 1 MHz 

Signal to-Noise Ratio (S/N) = 20 dB 

2 

200 

/iV/m 

At RF Stage Input 


4 

100 

juV/m 

Total Harmonic Distortion 

THD 

30% Modulation 

4 

1.0 

% 

Input Resistance: 
At Transistor Q1 

R| 

No AGC, 

Input signal frequency 
(f IN> = 1 MHz 


3500 

ft 

At T ransistor Q5 


2000 

ft 

Input Capacitance: 
At Transistor Q1 

C| 


12 

pF 

At Transistor Q5 


17 

pF 

Feedback Capacitance : 
At Transistor Q1 

Cfb 


1.5 

PF 

At Transistor Q5 


1.5 

pF 


The typical characteristics for the CA3088E are intended for guidance purposes in evaluating this device for equipment design. 



Fig.4-Typica! AM broadcast receiver using the CA3088E with optional RF amplifier stage. 
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CA3089E 


FM IF System 

Includes IF Amplifier, Quadrature Detector, 

AF Preamplifier, and Specific Circuits for AGC, 
AFC, Muting (Squelch), and Tuning Meter 

For FM IF Amplifier Applications in High-Fidelity 
Automotive, and Communications Receivers 


Features: 



■ Exceptional limiting sensitivity: 
12 /uV typ. at —3 dB point 

■ Low distortion: 0.1% typ. 

(with double-tuned coil) 

■ Single-coil tuning capability 


Block diagram of the CA3089E. 

The CA3089E is supplied in the 16-lead dual-in-line plastic package. 


■ High recovered audio: 

400 mV typ. 

■ Provides specific signal for 
control of interchannel muting 
(squelch) 

■ Provides specific signal for 
direct drive of a tuning meter 

■ Provides delayed AGC voltage for RF amplifier 

■ Provides a specific circuit for flexible AFC 

■ Internal supply-voltage regulators 


RCA-CA3089E is a monolithic integrated circuit that provides 
all the functions of a comprehensive FM-IF system. Fig. 1 is 
a block diagram showing the CA3089E features, which include 
a three-stage FM-IF amplifier/limiter configuration with level 
detectors for each stage, a doubly-balanced quadrature FM 
detector and an audio amplifier that features the optional use 
of a muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the RF 
tuner, an AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal power supply regulators maintain a nearly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 

The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 



Performance data at f 0 = 98 MHz, f M0D = 400 Hz - 
Deviation ■ *75 kHz: 

-3dB Limiting Sensitivity 2pV (Antenna Level) 

20dB Quieting Sensitivity 1/iV (Antenna Level) 

30dB Quieting Sensitivity .... 1.5/uV (Antenna Level) 

Fig. 1 - Typical FM tuner using the CA3089E with a single-tuned 
detector coil. 


IF AMPLIFIER 







LEVEL DETECTOR a METER CIRCUIT 


Fig. 2' Schematic diagram of the CA3089E. 
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CA3089E 


MAXIMUM RATINGS, Absolute Maximum Values, at T A = 25° C 
DC Supply Voltage: 

Between Terminals 1 1 and 4 

Between Terminals 11 and 14 

DC Current (out of Terminal 15) 

Device Dissipation: 

Up to Ta = 60°C 

Above Ta - 60°C 

AmbientTemperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance not less than 1/32" (0.79mm) frt>jn case for 10 seconds max. 




Fig.3-Test circuit for CA3089E using a single-tuned detector 
coil. 



*T: PRI. -Q 0 (UNLOADED) a 75<TUNES WITH 100 pF (Cl) 201 OF 34* ON 7/32“ DIA. FORM 
SEC. -Q 0 (UNLOAOED)a75 (TUNES WITH IOOpF(C2> 201 OF 34* ON 7/32''OIA FORM 
hO(PER CENT OF CRITICAL COUPLING) a 70% 

(ADJUSTED FOR COIL VOLTAGE V c )» 150 mV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SOUELCH) CIRCUIT 
*E“ TYPE SLUGS, SPACING 4mm 

Fig.4-Test circuit for CA3089E using a double-tuned detector 
coil. 



I 10 100 IK IOK IOOK 

INPUT SIGNAL -/*V 


Fig. 5-Muting action, tuxerAGC, and tuning meter output as a 
function of input signal voltage. 
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CA3089E 


ELECTRICAL CHARACTERISTICS, at T A - 25QC, V+ = 12 Volts 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 


Circuit 
Fig. No. 

Min. 

Typ. 

Max. 

UNITS 

Static (DC) Characteristics j 

Quiescent Circuit Current 

hi 




16 

23 

30 

mA 

DC Voltages: 









Terminal 1 (IF Input) 

Vi 




1.2 

1.9 

2.4 

V 

Terminal 2 (AC Return to Input) 

V 2 

No signal input. 

3. 4 

1.2 

1.9 

2.4 

V 

Terminal 3 (DC Bias to Input) 

V 3 

Non muted 

1.2 

1.9 

2.4 

V 

Terminal 6 (Audio Output) 

V6 




5.0 

5.6 

6.0 

V 

Terminal 10 (DC Reference) 

Vio 




5.0 

5.6 

6.0 

V 

| Dynamic Characteristics 1 

Input Limiting Voltage (-3 dB point) 

V| (lim) 

- 



_ 

_1 2. 

_25 

-n V_ 

AM Rejection (Term. 6) 

AMR 

V,|SJ = 0.1 V, 

fQ = 10.7 MHz, 

3,4 

45 

55 

- 

dB 

Recovered AF Voltage (Term. 6) 

V 0 (AF) 



300 

400 

"500 

mV 

Total Harmonic Distortion: * 
Single Tuned (Term. 6) 

THD 

V|N =0.1 V 

fmod. = 400 Hz, 

3 

- 

0.5 

1.0 

% 

Double Tuned (Term. 6) 

THD 


Deviation = 
±75 kHz 

4 

- 

0.1 

- 

% 

Signal plus Noise to Noise Ratio (Term. 6) 

S + N/N 


3, 4 

60 

67 

- 

dB 


* THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 



92CS-I904S 

Fig.6 AFC characteristics (current at Term. 7 as a function of 
change in frequency). 



CA3089E and outboard components mounted on a printed-circuit board. 
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CA3090AQ 


Features: 


Stereo Multiplex Decoder 

For FM Stereo Multiplex Systems 

RCA-CA3090AQ , a monolithic silicon integrated circuit, is a 
stereo multiplex decoder intended for FM multiplex systems. 
The CA3090AQ is the successor to the CA3090Q; it offers 
three major advantages over the CA3090Q as follows: 

1. Can directly drive a stereo indicator lamp with a current 
drain of up to 100 mA. 

2. Stereo Defeat/Enable control-voltage specifications. 

3. Capable of operation with lower distortion. 

This stereo multiplex decoder requires only one low-inductance 
tuning coil (requires only one adjustment for complete 
alignment), provides automatic stereo switching, energizes a 
stereo indicator lamp, and operates from a wide range of 
voltage supplies. 

Figure 1 shows the block diagram for the CA3090AQ. The 
input signal from the detector is amplified by a low- 
distortion preamplifier and simultaneously applied to both 
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz 
signal, generated by a local voltage-controlled oscillator 
(VCO), is counted down by two frequency dividers to a 
38-kHz signal and to two 19-kHz signals in phase quadrature. 

The 19-kHz pilot-tone supplied by the FM detector is 
compared to the locally generated 19-kHz signal in a 
synchronous detector. The resultant signal controls the 


voltage controlled oscillator (VCO) so that it produces 
an output signal to phase-lock the stereo decoder with the 
pilot tone. A second synchronous detector compares the 
locally generated 19-kHz signal with the 19-kHz pilot tone. If 
the pilot tone exceeds an externally adjustable threshold 
voltage, a Schmitt trigger circuit is energized. The signal from 
the Schmitt trigger lights the stereo indicator, enables the 
38-kHz synchronous detector, and automatically switches 
the CA3090AQ from monaural to stereo operation. The 
output signal from the 38-kHz detector and the composite 
signal from the preamplifier are applied to a matrixing circuit 
from which emerge the resultant left and right channel audio 
signals. These signals are applied to their respective left and 
right post amplifiers for amplification to a level sufficient to 
drive most audio amplifiers. 

The CA3090AQ may be used without the stereo defeat/enable 
function (see Fig. 6) if a control voltage for this function is not 
readily available. In this case, Terminal 4 should be grounded. 
The CA3090AQ utilizes the 16-lead quad-in-line plastic pack- 
age and operates over the ambient temperature range of 
— 55°C to +125°C. 


■ Requires the use of only one low-inductance tuning coil 

■ Automatic stereo switching 

■ Directly drives a stereo indicator lamp up to 100 mA 

■ Includes driver for stereo-lamp indicator 

■ Operates from a wide range of power supplies: 10 to 16 volts 

■ Requires only one adjustment for alignment 

■ Switching from monaural to stereo and stereo to monaural 
produces no audible thumps 

■ Low distortion: under 0.22% (typ.) 

■ Separate dc input permits stereo defeat or enable 

■ High signal output: directly drives audio amplifiers 

■ Excellent SC A (storecast) rejection: 55 dB typ. 

■ High audio channel separation: 40dBtyp. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A -2S°C 


DC SUPPLY VOLTAGE 16 V 

CURRENT AT TERM. 12 100 mA 

INPUT SIGNAL VOLTAGE (COMPOSITE)" 400 mV 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance not leu than 1/32" (0.79 mm) 

from case for 1 Q s max +266°C 


m For stereo operation, a minimum input signal voltage (composite) of 
40 mV is required 



Fig.1 -Functional block diagram of the CA3090AQ. 


Fig.2 - Test circuit for DC characteristics. 





Fig. 3 - Indicator tamp characteristics fl c vs. V ce l - 


Fig. 4 — Test circuit for use with stereo defeat/enable. 


Fig. 5 - Test circuit for use without stereo defeat/enable. 
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CA3120E, CA3142E 


TV Signal Processors 
("Jungle” Circuits) 

For Color and Monochrome Receivers 

The RCA-CA3120E and CA3142E are mono- 
lithic silicon integrated circuit TV signal 
processors for use in color or monochrome 
receivers. These circuits provide low-imped- 
ance video output signals, stripped synchro- 
nization signals in both polarities, and AGC 
output signals for IF (reverse) and tuner 
(forward and/or reverse). 

The circuit designs of the CA3120E and 
CA3142E feature impulse noise inversion, 
delay techniques to reduce the deleterious 
effects of impulse noise in the receiver AGC 
and sync circuits. In addition, they in- 
corporate standard AGC strobing techniques. 
The AGC noise lockout circuit is deleted in 
the CA3142E. 

These devices are supplied in the 1 6-lead dual- 
in-line plastic package. 

Features: 

■ Internal impulse noise processing 

■ Sync separator — low impedance, 
dual polarity 

■ Strobed AGC system ■ IF AGC output 

■ Delayed outputs for forward or 
reverse AGC tuners 

■ Automatic noise threshold and 
AGC detector level control 

■ High-impedance video input 

■ Low-impedance video output 

■ Choice of external time constants 
for sync separator 

■ Negative power supply not required 

■ RF AGC delay externally controlled 



24V 


Fig. 2 — Test circuit for measuring electrical charac- 
teristics of the CA3120E and CA3142E. 
Refer to Figs. 7 and 8 for switch selector 
positions. 



Fig. 1 - Simplified block diagram of the CA3120E and CA3142E. 
MAXIMUM RATINGS, Absolute-Maximum Values at Ta= 25°C 

DC SUPPLY VOLTAGE 30 V 

DEVICE DISSIPATION: 

Up to T a = 55° C 750 mW 

Above T/\ = 55°C Derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage -65 to +150 °C 

LEAD TEMPERATURE (During soldering) : 

At a distance not less than 1/32" (0.79 mm) 

from case for 1 0 seconds max +265 °C 
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CA3120E, CA3142E 

CIRCUIT DESCRIPTION* 

An AGC sample-and-hold system generates 
control voltages proportional to the video 
level. The sync-tip voltage is compared to an 
internal reference voltage during the hori- 
zontal synchronization (retrace) interval. The 
control voltages (AGC outputs) are supplied 
to the tuner's RF stage and the IF amplifier 
to maintain the video level at a constant value. 
The composite positive and negative output 
sync signals are developed across a low im- 
pedance source (totem-pole circuit) at an 
amplitude of approximately 20 volts peak- 
to-peak. 

Video Chain and impulse Noise Inverter — 

The input video signal applied at Terminal 8 
is white "positive" with a required amplitude 
in the range of 2 to 4 volts. The DC level of 
the sync peaks, AGC threshold voltage ( Vjh) 
is approximately 5 volts. The level is main- 
tained at 5 volts by the AGC loop in the cir- 
cuit, comprised of the CA3120E or CA3142E 
and the TV receiver RF and IF amplifiers. A 
low source impedance video signal is available 
from the emitter of Q1 (Terminal 9 in Fig. 3). 
The external resistor (Rxi in Fig.9) reduces 
the dissipation of Ql. The emitter-follower 
output of Ql is directly coupled to a differ- 
ential comparator stage (Q2, Q3). Unless a 
negative-going pulse is present, Q2 functions 
as an emitter follower and also cuts off tran- 
sistors Q3, Q5, and Q12. 

The output of Q2 is applied through a signal 
delay network, consisting of transistor Q60 
and associated resistors, to the Darlington 
followers (Q13 and Q14). The delayed video 
signal at Q14 is fed via its emitter to an AGC 
comparator Q19 and to the junction of a 
noise-cancelling amplifier stage (Q16). The 
noise-cancelled video signal is inverted and 
amplified by Q16 and then connected to 
a Darlington emitter-follower output stage 
(Q57, Q58). 

If impulse noise is present on the video signal, 
Q3 conducts and turns on transistors Q5 and 
Q12. Q5 inverts and "stretches" the noise 
pulse width. The output of Q5 is applied to 
an emitter follower stage (Ql2). The signal 
from Q12, in turn, is applied to the summing 
junction to the noise-cancelling amplifier 
Q16. The noise pulse, which has now been 
amplified, inverted and stretched, is added 
to the delayed video signal from the emitter 
of Q14. 

Because the video signal has been delayed 
approximately 300 nanoseconds and the 
noise pulse has been widened ("stretched") 
approximately 500 nanoseconds, the output 
of the combined signal no longer contains 
impulse noise signals. The derived noise- 


gating pulse "surrounds" and effectively 
eliminates the effects of the impulse noise. 
The noise-cancelled video signal, amplified 
and buffered, is available at Terminal 5 for 
use in the sync-separator stage. The peak-to- 
peak amplitude of the noise-cancelled output 
signal is approximately twice the amplitude 
of the input video signal at Terminal 8. 

Sync Separator (See Figure 4) — The sync 
separator stage (Q56) clamps the detected 
sync tips to a fixed reference voltage 
(— 0.7 V) across its base-emitter junction, 
and amplifies a portion of the sync signal 
to provide dual polarity sync-signal outputs 
at Terminals 2 (negative) and 3 (positive). 
The output signals are derived from low- 
impedance complementary emitter-follower 
stages; a base current of 100 microamperes 
into Terminal 4 is sufficient to generate full- 
amplitude sync signals. 

The choice of coupling the noise-cancelled 
video-signal from the emitter-follower (Ter- 
minal 5) to the sync separator (Terminal 
4) is a user option. Fig. 5 shows three typical 
coupling networks. 

Fig. 6 illustrates the operation of the AGC 
circuits. An input ramp signal, simulating 
the potential to which the AGC filter capaci- 
tor may be charged, is applied to Terminal 
11. The forward IF AGC output voltage 
appears at Terminal 13. Under low-signal 
level conditions (represented by A to B in 
Fig. 6) the output level is approximately 
1.4 volts less than the voltage applied to 
Terminal 12. 

The circuit designer should select the voltage 
at Terminal 12 to provide the maximum IF 
gain required for the system. At intermediate 
signal level conditions (represented by B to 
C in Fig. 6), the IF AGC signal follows the 
AGC filter potential. The tuner(s) will oper- 
ate at maximum gain for good signal-to- 
noise ratios at these equivalent input signal 
levels. Point C is a turnover point determined 
by the open-circuit potential of the tuner- 
delay bias potentiometer. At this potential, 
further change in the IF AGC output is in- 
hibited (for good dynamic range) and the 
tuner AGC potentials are activated (repre- 
sented by C to D). 

The output at Terminal 14 with suitable 
level shifting is used for tuners requiring 
reverse AGC, such as MOSFET or electron- 
tube types. The output at Terminal 15 is 
used for tuners requiring forward AGC, such 
as tuners utilizing n-p-n bipolar transistors. 


For additional information refer to the IEEE 
Transactions on Broadcast and TV Receivers,'* 
August 1970, pp. 185-195, Vol. BTR No.3. 



Fig. 4 - Sync separator stage. 


NOISE- 

CANCELLED 

VIDEO 

OUTPUT R. Cxi 




w\HI — *— © 


(0) 



( q > 9?CS-??6«SBi 


Fig. 5 — Typical coupling networks 
(Term. 5 to Term. 4). 



9?CS-?26«6 


Fig. 6 — Typical operation of the AGC circuits using 
the CA3120E and CA3142E. 
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CA3120E, CA3142E 


CHARAC- 
TERISTIC ?| 2| 3\ 4\ 5| 8\ 9 


TEST CONDITIONS 
SWITCH NUMBERS 
77 1 12 | 13 | 14 1 15 | 76 1 
SWITCH POSITION 


2312123 11 32 1 2 

2121143 44 31 22 

2121143 44 31 22 


V TH(SEP) 3 12 11*3 
I4IOFR 3 1 2 4 2 1 1 


1 2 2 3 2 1 


3 4 112 1 

11 11 2 1 


1111 2 1 


3 3 1 12 1111112 1 


3 3 112 1 1 

3 3 1 3 2 1 1 


9 1 9 r 9 1 1 



1111 


11 11 2 1 

5 4 3 1 2 2 


6 4 3 2 2 1 

~2 3 3 1 2 T 


3 4 3 1 2 1 


112 1 
7 4 3 2 


3 4 3 3 1 1 

8 4 3 3 1 1 


1 1 5(0 F F ) 3125223 34 3 2 3 1 

1 1 5(ON1 3125223 84 32 3 1 


TERMINAL 
1 19 1 20 MEASURED 

1 T 5 2 6 7 9 14 


60 — O6V 
% <\ 0 . 22 >>4r 


3 



CAUTION: Remove power before selecting or adjusting switches. 

* Reduce voltage at Terminal 8 until V-jg decreases. VtH(SEP) = Vj(_) - Vg. 

NOTE: Switch numbers in italics correspond to numbers in square boxes in Figs. 2 and { 


Fig.7 — Test condition values for associated switches 1 through 20 (switches 6, 7, and 10 are omitted). 
Refer to Figs. 2 and 8 for test circuit and test-condition selector-switch arrangements. 




jsJ ]%■ “fcf 


A ITT 


I MEASURE VOLTAGE 


.-H3 


NOTE: The Italicized numbers in the square boxes refer 
to the 1 7 switches (switches 6, 7, and 1 0 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 jand 7. 

CAUTION: Remove power before selecting or adjust- 
ing switches 


Fig. 8 - Test condition selector switch errengement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 


Fig. 9 - Typical application using the CA3120E and CA3142E. 


(Figure 8 continued on the next page ) 
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CA3120E, CA3142E 


ELECTRICAL CHARACTERISTICS at Ta = 2S°C, Supply Voltage (V+) = 24 V and 
Referenced to Test Circuits and Test Conditions (Figs. 2, 7 , and 8). 




CHARACTERISTICS 

Supply Current (Pulse Test) 

AGC Threshold (Sync Tip Level at Video Input) 

Video Input Amplitude (White Positive) 

Video Output Amplitude (Low Impedance) 

Noise Cancelled Video Output at VjH 
(Black Positive, Gain = 2) 

AGC to Noise Separation 

Sync Input Current for Full Amplitude Outputs 

Maximum Leakage Current at Terminal 4 

Sync Outputs: 

Negative Sync Low 

Negative Sync High 

Positive Sync Low 


Positive Sync High 
AGC Filter: 

Charge Current (Pulse Test) 

Discharge Current 

Leakage Current 

AGC Enable: 

Horizontal Keying 

Negative Sync Input Current 

Maximum IF Gain-Clamp Voltage 

Maximum IF Gain Bias 

IF AGC Voltage: 

Low 

High 

Tuner Currents: 

Reverse AGC (FET) OFF Current 
Reverse AGC (FET) ON Current 
Forward AGC (n-p-n) OFF Current 
Reverse AGC (n-p-n) ON Current 
Internal Noise-Lockout Time (CA3120E only) 


TERMINAL 

MEASURED 

AND 

SYMBOL 


V TH (SEP 
U (ON) 

U (OFF) 


v 16 (ON) 


v 13 (LOW) 
V 13(H IGH) 


'14 (ON) 

1 1 5 (OFF) 
1 1 5 (ON) 
T 


CA3120E 

CA3142E 

LIMITS 

Min. 

Typ. 

Max. 

20 

- 

40 

4.5 

- 

5.5 

- 

3 

- 

- 

3 

- 

3.6 

- 

9.2 

1.1 

- 

2.2 

- 

- 

100 

- 

- 

±6 




0 

- 

2.6 


- 

Ell 

0 

- 

ESI 




20.1 


24 

12 


36 

1.1 

- 

2.6 

- 

- 

+6 

3 

_ 

6 

- 

1 

- 

4.8 

- 

5.7 

4.2 


5.2 

0 


3.3 

5-7 


6 

_ 


±6 

1.8 

- 

5.5 

- 

- 

±6 

4.5 

- 

15 

1 

- 

63 






<2 

Nq 100 


, 100 /lA DC 

2 V CURRENT SOURCE 




NOTE: The italicized numbers in the square boxes refer 
to the 17 switches (switches 6, 7, and 10 are 
omitted) of the test circuit and correspond to 
those given in Figs. 2 and 7. 

CAUTION: Remove power before selecting or adjust- 
ing switches 

Fig.8 — Test condition selector switch arrangement for measuring the 
electrical characteristics of the CA3120E and CA3142E. 
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CA3121G 


TV Chroma Amplifier/ 
Demodulator 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 
"G" Suffix Type-Hermetic Gold-CHIP in 
Dual-in-Line Plastic Package 


Features: 

■ Excellent linearity in dc chroma gain-control circuit 

■ Improved filtering resulting in reduced 7.2 MHz output 
from the color demodulators 

■ Current limiting for short-circuit protection 

■ Good tolerance to B+ supply variations 

■ Good temperature coefficient stability 

■ Gold-CHIP for increased reliability 


RCA-CA3121G is a monolithic silicon inte- 
grated circuit chroma amplifier/demodulator 
with ACC and killer control for color-TV 
receivers. It is designed to function com- 
patibly with the CA3070 or CA3170 in a 
two-package chroma system. Figs. 5 and 6 
show a functional block diagram and the 
outboard circuitry of a typical two-package 
chroma system incorporating the CA3121G 
and CA3170, respectively. 

The CA3121G is supplied in a 16-lead dual- 
in-line plastic package with hermetic Gold- 
CHIP (G suffix). 


The transistor chips used in the hermetic 
Gold-CHIP plastic packages are of the sealed- 
junction type designed to provide protection 
against the deteriorating effects of humidity 
and other surface contaminents without the 
need for a hermetic package enclosure. The 
semiconductor junctions are sealed by util- 
izing a silicon nitride passivation layer. A 
multilayered, highly corrosion-resistant, ter- 
minal-connection system of unique design 
is employed. 



Fig. 2 - Typical ACC plot for the CA3121G when 
used with the CA3070. 


CIRCUIT OPERATION 


MAXIMUM RATINGS, Absolute-Maximum Values at T A * 25°C 


Supply Voltage 30 V 

Device Dissipation: 

Up to T A = 1 5°C . . . . 1 W 

Above T a = 55°C . derate linearly 10.5 mW/°C 

Operating Temperature Range —40 to +85°C 

Storage Temperature Range ; — 65to+150°C 

Lead Temperature (During Soldering) 

At distance 1/16" ±1/32" (1.59 ±0.79 mm) from case for 10 s max +265°C 



Fig. 1 — Functional block diagram of the CA3121G. 


The CA3121G consists of three basic circuit 
sections: (1) amplifier No.1, (2) amplifier 
No.2, and (3) demodulator. Amplifier No.1 
contains the circuitry for automatic chroma 
control (ACC) and color-killer sensing. The 
output of amplifier No.1 (Terminal 3) is 
coupled to the Chroma Signal Processor 
(CA3070, CA3170 or equivalent) for ACC 
and automatic phase control (APC) operation 
and to the input of amplifier No.2 (Terminal 
4) containing the chroma gain control cir- 
cuitry. The signal from the color-killer cir- 
cuit in amplifier No.1 acts upon amplifier 
No.2 to greatly reduce its gain. 

The output from amplifier No.2 (Terminal 
14) is applied, through a filtering network, 
to the demodulator input (Terminal 13). 
The demodulator also receives the R-Y and 
B-Y demodulation subcarrier signals (Termi- 
nals 7 and 8) from the oscillator output of 
the Chroma Signal Processor. The R-Y and 
B-Y demodulators and the matrix network 
contained in the demodulator section of the 
CA3121G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ- 
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, and B output amp- 
lifiers. Internal capacitors are included on 
each output to filter out unwanted har- 
monics. For additional operating information 
and signal waveforms, refer to Television 
Chroma System (utilizing RCA-CA3070, 
CA3071, CA3072), File No. 468. 


( 

1 
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ELECTRICAL CHARACTERISTICS at T^ = 25°C and Reference to Test Circuit (Fig. 3) 


CHARACTERISTIC, 
TERMINAL MEASURED, 
AND SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply Current l-p 

- 

- 

40 

50 

mA 

Input Sensitivity V 2 

Vary Eg; set V 4 for 
55 mV RMS 

6 

10 

15 

mV RMS 

Second-Stage Sensitivity V 4 

Vary Eg; set Vj j for 2 V 
RMS 

25 

55 

100 

mV RMS 

Output Voltage V-j-j 

(Killer off) 

Switch Position: SI =2, 
S2=2, S3=2 Adjust killer 
potentiometer until out- 
put drops 



70 

mV RMS 

Demodulator Characteristics: 
Output Voltages 

V 9' V 10' V 11 


13 

14.3 

15.6 

V 

DC Output Balance 

(Between any 2 outputs) 

_ 

- 0.6 



+ 0.6 

V 

Unbalance Vg, V-jq, V«|i 

Eg=0;Swith Position: 
S1 = 1, S2=1, S3=1 

- 

- 

0.8 

Vp-p 

Relative Outputs- 

R-Y V 10 

Vary Eg; set V ^ for 2 V 
RMS 

1.4 

1.52 

1.68 

V RMS 

G-Y V9 

0.3 

0.4 

0.5 

V RMS 

Relative Phase- 

R-Y V 10 

Vary Eg; set V-j -j for 2 V 
RMS; read phase of 
v 10 and v 9 
with V*|«j as reference 

-101 

-106 

-111 

degrees 

G-Y V 9 

112 

104 

96 

degrees 

Max. Output Voltage V-} ■; 

Eg = 750 mV 

2.8 

- 

- 

V RMS 



2.2 -kfl LOADS ONLY FOR TEST PURPOSE, 3.3-kft LOADS RECOMMENDED FOR APPLICATIONS. 

RESISTANCE VALUES ARE IN OHMS. 

CAPACITANCE VALUES ARE IN MICROFARADS UNLESS OTHERWISE INDICATED. »2CM-22732I»I 


Fig. 3 — Typical characteristics test circuit for the CA3121G. 








CA3121G 

KILLER 

(15) CHR. OUT 

/f^CHR.IN 

rf?H-24 V 




©GAIN 

Fig. 4 - Schematic diagram of the CA3121G . 




DCHROMA 
INPUT 1 


< 6 ) 

_) OGND. O 
0M . CHROMA 

UMfl GAIN CONTROL 


Fig. 5 — Simplified functional diagram of a two-package TV chroma system utilizing 
the CA3121G and CA3070 or CA3170 . 





CA3121G 



RESISTANCE VALUFS ARE IN OHMS. 

UNLESS OTHERWISE INDICATED, ALL CAPACITANCE 



Fig. 6 - Outboard circuitry of a typical two-package chroma system for 
color-TV receivers utilizing the CA3121G and CA3170. 




CA3123E 


AM Radio Receiver Subsystem 

Includes RF Amplifier, IF Amplifier, Mixer, 
Oscillator, AGC Detector, and Voltage Regulator 

The CA3123E* is a monolithic silicon integrated circuit 
that provides an rf amplifier, if amplifier, mixer, oscillator, 

AGC detector, and voltage regulator on a single chip. It is 
intended for use in super-heterodyne AM radio receiver 
applications particularly in automobiles. The CA3123E is 
supplied in a 14-lead dual-in-line plastic package and operates 
over the temperature range of -55° to 125°C. 

* Formerly RCA Dev. No. TA6155 


Features: 

■ Low-noise, low-Rjj' rf stage in cascode connection — 
eliminates Miller-Effect regeneration and allows con- 
trolled power rise by the choice of external components 

■ Mixer-oscillator stage with internal feedback - 
eliminates need for tapped or multi-winding 
oscillator coils 

■ Cascode if amplifier with controlled output impedance 
and negligible Miller Effect - 

eliminates regeneration and selectivity skewing 

■ Frequency-counter AGC circuit — 

allows control of AGC response by selection of the 
coupling capacitor 

■ Integral regulation with built-in surge protection 

■ Separately accessible amplifiers 



Terminal assignment diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. | Typ. | Max. 

Static Characteristics In Circuit of Fig. 3 j 

DC Voltage: 


_< 

< 



4.7 


V 

At Terminals 1, 4 

At Terminals 2, 3, 14 

V 2 ,V 3 ,Vi4 



6.8 


V 

At Terminal 5 

V 5 



0.25 


V 

At Terminal 6 

V 6 



12 


V 

At Terminal 7 

V 7 



0.76 


V 

At Terminals 8, 9 

< 

09 

'< 



0 


V 

At Terminals 10, 1 1 

v 10- v 11 



0.71 


V 

At Terminal 12 

V 12 



0.71 


V 

At Terminal 13 

v 13 



4.0 


V 

DC Current: 

5, 7 

I 8 ,l 9' 1 10' 1 1 1 - 1 1 2 



0 


mA 

Into Terminals 1, 4 
8,9, 10, 11, 12 

Into Terminal 2 

h 



1.2 


mA 

Into Terminal 3 

'3 



15 


mA 

Into Terminal 6 

'6 



4.3 


mA 

Into Terminal 13 

1 13 



4.5 


mA 

Into Terminal 14 

1 14 



0.170 


mA 

| Performance Characteristics In Circuit of Fig. 3 | 

Sensitivity 


Input Signal to Dummy 
Antenna at f|fyj = 1 MHz, 
30% AM Modulation at 
f MOD =400 Hz - ,or 11 mV 
output at Vq 

- 

2.3 

5 

mV 

Signal-to-Noise Ratio 

S/N 

Ratio of Output at Vq 
with Modulation ON and then 
OFF, Input SignaMOO pV, 
30% AM Modulation at 
<MOD= 400Hz 

34 

43 

- 

dB 

Overload Distortion 


Input Signal set at 
1 MHz, 90% AM 
Modulation, Distortion 
at Vq must be 
< 10% 

160000 

400000 

- 

mV 

| Dynamic Characteristics For Indicated Stages In Circuit of Fig. 3 | 

Stage 

Parallel Capacitance 

Parallel Resistance 

Transconductance 

Input 

PF 

Output 

pF 

Input 

n 

Output 

n 

/Mnhos 

RF Amplifier 

80 

6 

750 

2 x 10 6 min. 

140000 

IF Amplifier 

35 

3!5 

950 

10 4 

80000 

Mixer 

6 

2 

2000 

2 x 10 6 min. 

2500 (Mixer) 
3000 (Amplifier) 


DC SUPPLY VOLTAGE: 

At Terminal No. 3 (V + ) 9 V 

At Terminal No. 6 (I F Output) 40 V 

At Terminal No. 13 (RF Output) 20 V 

At Terminal No. 14 (Mixer Output) ... 20 V 

DC CURRENT: 

Into Terminal No. 3 (V + ) 35 mA 

DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T a - 55°C. derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 


Operating -55 to +125°C 

Storage -65 to +150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16" ± 1/3" 

(1.59 mm ± 0.79 mm) 

from case for 10 s max 265°C 


TYPICAL CHARACTERISTICS 



Fig. 1 — Control of RF stage by signal into Terminal No.5. 



Fig. 2- Test circuit for Fig. 1. 
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CA3123E 



Transformer 

Symbol 

Frequency 

Inductance 

Capacitance 
PF (=4 

Q 

<*1 

Total Turns To 
Tap Turns Ratio 

Coupling 

First IF: 
Primary 


262 kHz 

2840 

130 

60 

none 

critical 

=»0.017«1/Q 

Secondary 

T 2 


2840 

130 

60 

or 30:1 
31:1 

Second IF: 
Primary 


262 kHz 

2840 

130 

60 

8.5:1 

critical 

^0.017^1/Q 

Secondary 

T 3 


2840 

130 

60 

8.5:1 

Antenna: 

Primary 


1 MHz 

195 

<0,1-130 

65 



Secondary 

T 1 

Adjusted to an impedance of 75 SI with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wire should be wound around end of coil away from tuning core. 


Li 

7.9 MHz 

6 


50 



Coils 

l 2 

1 MHz 

55 


50 




L3 

1.262 MHz 

41 


40 




Fig. 3- Schematic diagram of AM radio receiver using CA3123E. 



PERFORMANCE CHARACTERISTICS IN CIRCUIT OF FIG. 3 




Fig. 6 - AGC curve showing voltage rise (controlled by 
externa I capacitance of S. 7 pF: Cjg, Fig.3l. 

Change in slope in the vicinity of 40000 jUV signal input voltage is the 
result of the use of C17 (5.7 pF) in Fig.3. The dotted curve indicates 
expected performance if C17 ■ 0. 



Fig. 7 - Overload response. 
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CA3125E 


Television Chroma Demodulator 


RCA-CA3125E is a monolithic silicon integrated-circuit 
chroma demodulator having three separate demodulators 
with independent phase control. It is designed to function 
compatibly with the CA1398E 1C Chroma Processor as well 
as other commercially available Chroma Processors in R-G-B 
Systems of color-TV receivers. The CA3125E is supplied 
in a 14-lead dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Valuesat =25° C 

SUPPLY VOLTAGE 25 V 

SUPPLY CURRENT 20 mA 

AMBIENT-TEMPERATURE RANGE: 

Operating -40° C to +85° C 

Storage -65°C to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16" ± 1/32" (1.59 ± 0.79 mm) 

from case for 10 s max 265°C 


i Luminance input 
i Blanking control input 

1 Three separate demodulators with independent phase control 
1 Low output offset voltage 0.4 V 


TYPICAL STATIC CHARACTERISTICS AT T A = 25 C, 

V + = +20 VOLTS 

SUPPLY CURRENT 9.6 mA 

BRIGHTNESS CONTROL VOLTAGE: 

Measured with 8 volts at 

Terminals 11,12, and 13 1.4 V 

MAX. OUTPUT DIFFERENCE VOLTAGE: 

Measured between any two of 

Terminals 11, 12, and 13 ±0.4 V 

MAXIMUM DC DETECTOR UNBALANCE 
VOLTAGE: 

DC voltage shift on Terminals 11, 12, and 1 3 
when Terminals 1, 2, and 3 are alternately 
biased 0.5 volt positive, then negative with 
reference to Terminal 14 +150 mV 


TYPICAL DYNAMIC CHARACTERISTICS AT T A = 25 C, 

V + = +20 volts 
BLUE CHROMA GAIN: 

Peak-to-peak voltage at Terminal 11 with 1.0 volt 
peak-to-peak applied differentially between 
Terminals 6 and 7, and with a subcarrier 
injection voltage of 1 volt peak-to-peak 7.36 Vp-p 

RED GAIN RATIO: 

Peak-to-peak voltage at Terminal 13 

— — , — , — - — — — “X 100 100% 

Peak-to-peak voltage at Terminal 1 1 
GREEN GAIN RATIO: 

Peak-to-peak voltage at Terminal 12 1 nn 
Peak-to-peak voltage at Terminal 11 
LUMINANCE GAIN: 

Peak-to-peak voltage measured at Terminals 11, 

1 2, and 1 3, with a peak-to-peak voltage of 

0.1 volt applied to Terminals 6 and 7 

(common mode), and with no subcarrier 

injection 0.7 Vp-p 



DEMODULATOR 

REFERENCE 

SUBCARRIER BIAS 


Fig. 1 — Functional block diagram of the CA3125E. 
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CA3126Q 

TV Chroma Processor 

RCA-CA3126Q is a monolithic silicon integrated circuit 
designed for chroma processing applications in color TV 


receivers. It is compatible with the CA3067 chroma demodu- 
lator as well as other chroma demodulators. 


Features: 

■ Phase-locked subcarrier regeneration utilizes sample-and-hold 
techniques 

■ Automatic chrominance control (ACC)/killer detector employs 
sample-and-hold techniques 

■ Supplementary ACC with an overload detector to prevent 
oversaturation of the picture tube 

■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for low output impedance 

■ Linear dc saturation control 

■ Internal zener-regulated reference potentials 

■ Only the initial crystal filter tuning is required. . . no killer or 
ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 

CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
of the CA3126Q (shown in Fig. 1 ). A detailed description of 
the operation of various portions of the CA3126Q is 
given in ICAN-6247, "Application of the CA3126Q Chroma- 
Processing 1C Using Sample-and-Hold Techniques*. 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 

A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and- 
hold circuitry. This "compared" voltage controls the phase- 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 

The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of the circuit. The "compared" voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con- 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 



APPLICATIONS INFORMATION 
General Considerations 

The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA3126Q. 
Several items are critical for proper operation of the circuit. 
1. A series resistor of approximately 2,450 ohms (or high 
source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 
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CA3126Q 


2. When the overload detector is used, a large resistor (nom- 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma 
ratios. 

2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 

Chroma Gain Control . 

The chroma gain control operates by varying the base bias on 
current source transistor Q25. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA3126Q is shown in Fig. 3, 

Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 4, It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 



Fig , 3 -Chroma gain control. 
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Fig. 5 -Amplitude and phase variations of oscillator 
output vs. temperature. 

Thermal Considerations 

The circuit of the CA3126Q is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 5 and 6 
show the oscillator- and chroma-output amplitudes and phases 
asafunctionof temperature (Terminals 8 and 15), respectively. 
Both the oscillator- and chroma-output amplitudes and phases 
are measured relative to the chroma-input phase. The per- 
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 7. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 2. 


Juiilijiioiiiiiii 

-50 -25 0 25 50 75 100 I 

AMBIENT TEMPERATURE (T«) — *C 


Fig. 6 -Amplitude and phase variations of chroma 
output vs. temperature. 


Fig. 7 -Variation of oscillator free-running frequency vs. temperature. 
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CA3128Q Preliminary Data 

TV Chroma Processor for PAL Systems 


The RCA-CA3128Q is a monolithic silicon integrated circuit 
designed primarily for PAL chroma processing applications in 
color TV receivers. For a circuit description of the CA3128Q 
and an explanation of this device in PAL systems, refer to "A 
New Chroma Processing 1C Using Sample -and-Hold Techniques" 
by L. A. Harwood (ST6144). 


MAXIMUM RATINGS, Absolute-Maximum Values at r A = 25° C 

DC SUPPLY VOLTAGE (Between Terms. 12 and 5). . . . 

DC VOLTAGE (Term. 9): 

Positive Value 

Negative Value 

DEVICE DISSIPATION: 

Up to T A = 55° C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max. 

TYPICAL STATIC CHARACTERISTICS at T A = 25°C: 

DC Supply Current (l 12 )with V 12 = 1 1.2 V dc 


13.2 V 

+3 V 

-5 V 

750 mW 

derate linearly at 7.9 mW/°C 

-40 to +85 °C 

-65 to +150 °C 

+265 °C 

25 mA 


TYPICAL DYNAMIC CHARACTERISTICS at T A ■ 25° C with a Burst-to-Chroma Ratio of 46.5%: 
100% Chroma Output Voltage at V| (p . p ) = 0.5 V 



Oscillator- Level Output Voltaqe 



Killer Threshold Input Voltaqe 

0.018 

\J n. n 

Pull-in Frequency 


vp-p 

PAL Identification Output Voltage 

1 

Vp-p 


Features: 

■ Phase-locked subcarrier regeneration 
utilizes sample-and-hold techniques in 
the automatic frequency phase control 
(AFPC) servo loop 

■ Automatic chrominance control (ACC)/ 
killer detector employs sample-and-hold 
techniques 

■ Supplementary ACC with an overload 
detector to prevent oversaturation of 
the picture tube 

■ Sinusoidal subcarrier output 

■ Keyed chroma output 

■ Emitter-follower buffered outputs for 
low output impedance 

■ Linear dc saturation control 

■ PAL identification output 

■ Only the initial crystal filter tuning is required ... no killer 
and ACC adjustments required at any time 

■ Few external components required 

■ Compensation for temperature and supply variations 

■ All terminals protected against short circuits 


The CA3128Q is supplied in the 16-lead quad-in-line plastic package. 
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Preliminary Data 


5-Watt Audio Amplifiers 

With Integral Heat Sink 

RCA-CA3131EM and CA3132EM are audio amplifiers with 
integral preamplifier stages on single integrated-circuit mono- 
lithic chips. 

Utilizing a uniquely designed package with an integral heat 
sink, these devices can provide a power-output signal in 
excess of five watts at an ambient temperature of 25°C. 
The CA3131EM employs an internal feedback network that 
sets the over-all gain of the amplifier to typically 48 dB. 
The CA3132EM omits the internal feedback network. This 
arrangement offers the circuit designer a wide latitude in the 
choice of an external feedback network more suitable to a 
specific application. 

Both types are encapsulated in a 16-lead dual-in-line plastic 
package with 4 center leads removed. 

The CA3131EM and CA3132EM are electrically equivalent to 
and pin compatible with types SN76013 and SN76023, 
respectively. 

Determining External Component Values (Refer to Figs. 2 & 3) 
The dc quiescent output voltage is set by the voltage at T erminal 
1. This voltage, in turn, is set by the internal voltage at 
Terminal 2 less l| (input current, fixed by R A + Rg, for Q4). 
The voltage at Terminal 2 is set slightly above half the supply 
voltage to allow for the voltage drop across R A + Rg. 
Filter RgC3 attenuates any ac ripple injected from the supply 
line and prevents positive feedback to T erminal 1 . The rejection 
of supply voltage is a direct function of the filter attenuation. 
The input impedance of the audio amplifiers is a function of 
the closed-loop gain and the magnitude of the Q8 current. In 
practice the input impedance is well above 1 megohm. The 
input signal, applied through C2, sees an impedance equivalent 
to the resistance of R A connected in parallel with the ampli- 
fier input impedance. Hence, the value of R A in most cases is 
dominant in establishing the input signal impedance. 

The value of Cl depends on the regulation of the power 
supply. It is possible for the amplifier to work with a value of 
Cl as low as 0.1 /iF to attenuate high-frequency signals in the 
supply line. Ideally, Cl should be placed as near Terminal 10 
as possible. An electrolytic capacitor should be used for Cl if 
the power supply is poorly regulated to avoid ripple at the 
output. 

Capacitor C6 at Terminal 15 provides over-all compensation. 
If a 1000-pF capacitor is used for C6, then the first breakpoint 
for a 46-dB closed-loop gain occurs at 200 kHz. Higher 
capacitance values will cause the constant current from Q10 
to charge C6 on the positive voltage swing and thus limit the 
slew rate at high-signal levels. Because p-n-p transistor Q19 has 
a lower gain-bandwidth product (fj) than the n-p-n transistors, 
C7 is connected to Terminal 9 to compensate for gain losses 
occurring in the negative voltage swings. 

The use of the filter networks C8 and Rq at the output 
Terminal 6 is a standard requirement for class B audio outputs 


MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY VOLTAGE, V + 28 V 

CONTINUOUS OUTPUT POWER, P Q (with 

R l = 8 ft and V + = 24 V) 8 W RMS 

MINIMUM RECOMMENDED LOAD 

IMPEDANCE, R, 8ft 


AMBIENT OPERATING TEMPERATURE, T A 

(at 6 W RMS Output Power) 70 °C 

STORAGE TEMPERATURE RANGE -55 to +150 °C 



Fig. 1 — Terminal assignment of the CA3131EM and CA3132EM. 

driving reactive speaker loads. Capacitor C8 compensates for 
the speaker inductance and Rq limits the current surges 
through C8. 

The value of the coupling capacitor C9 to the load determines 
the low-frequency response of the amplifier. 

Closed-Loop Gain 

The closed-loop gain for either type is set by the ratio 
(Rl + R2)/R1. These resistors are included in the CA31 31 EM 
circuit and are external when used with the CA3132EM. In 
either type, the low-frequency value (—3 dB point) is reached 
when the impedance of C5 equals the value of R 1 . 


CA3131EM, CA3132EM 

Features: 

■ Power Output: 4W min., 5 W typ. 

■ Complete amplifier including: preamplifier stages, 
power-output amplifier, and integral heat sink 

■ High power-supply rejection ratio 

■ Operating voltage: V + = 24 V tyjf. 

■ Available with internal feedback (CA3131EM) 
or without feedback (CA3132EM) 

ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 24 V 


Characteristic Sym- 
bol 

Input 

Impedance Z\ 
Power Output Pq 


Closed-Loop 
Gain — 
CA3131EM 


Total 

Harmonic 



Values 



Min. 

Typ. 

Unit 


200k 

- 

n 

At clipping onset 




r l = sn 

4 

- 

w 

R l = 16ft 

3 

- 

w 

f = 1 kHz 

46 

48 

dB 

Zero signal 

- 

10 

mA 

P 0 = 50 mW-4 W, 




R L = 8ft 

- 

1 

% 

P 0 = 50 mW— 3 W, 
R L =15n 

_ 

1 

% 

f=20 Hz-20 kHz 

_ 

1.5 

mV 

. 



RMS 



NOTE: AMPLIFIER CIRCUIT IS IDENTICAL FOR 
BOTH TYPES EXCEPT FOR INV. INPUT AND 
FEEDBACK LOOP (INCLUDING Rl AND R2). 
THESE CIRCUIT ADDITIONS. SHOWN WITH DOT 
TED LINES. APPLY ONLY TO TYPE CA3131EM. 


GND SOURCE C0I 

Fig. 2— Schematic diagram of types CA3131 EM and CA3132EM. 



A 1000-pF capacitor is required if input has an open circuit. 

^ External resistors Rl and R2 are used only with the CA3132EM. When testing the CA3131EM, 
omit Rl and R2 and connect the (+) termination of C5 to Terminal 16. 

Fig. 3— Test circuit for types CA3131EM and CA3132EM. 



Fig. 4— Printed-circuit board (actual size) containing 
the test circuit , shown in Fig. 3 for the 
CA3131EM, 
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CA3134G, CA3134GM, CA3134GQM 

TV Sound IF and Audio Output Subsystems 


The RCA-CA3134 combines the sound if 
and audio output subsystems on a single 
monolithic integrated circuit to provide a 
television sound system for color or black 
and white applications. Each device includes 
a multistage if amplifier-limiter, and fm 
detector, and an audio power amplifier that 
is designed to drive an 8-, 16-, or 32-ohm 
speaker. 

The CA3134 is supplied in the hermetic 
Gold-CHIP, which is of the sealed-junction 
type designed to provide protection against 
the deteriorating effects of humidity and 
other surface contaminants without the need 
for a hermetic package enclosure. This 
hermetic chip is encapsulated in a 16-lead 
plastic “power stud" dual-in-line package, 
which has an inherently low junction-to-case 
(stud) thermal resistance. This package lends 
itself to a wide variety of heat-sink methods, 
depending on the application requirements. 

The CA3134G is supplied in the 16-lead 
plastic "power stud" dual-in-line package. 
The CA3134GM and CA3134GQM are simi- 
lar to the CA3134G except that they in- 
corporate a tin-plated copper-strap heat sink. 
The CA31 34GQM also has quad-formed leads. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (Between Term, t, 

V + and Terms.4, audio-output ground and 

1 3, substrate) 

INPUT SIGNAL VOLTAGE (Between 

Terms. 14 and 15) 

DEVICE DISSIPATION: 

With Infinite Heat Sink- 

Up to T a = 70° C 


Above T A = 70 C derate linearly 

With no Heat Sink- 

Up to T a *25°C 

Above T A = 25 C derate linearly 

With Copper-Strap Heat Sink- 
Soldered to PC Board 

Up to T a = 25°C 

Above T A = 25 C derate linearly 


Above T A = 25 C derate 

Unsoldered 

Up to T a = 25°C 

Above T A = 25 C derate I 

THERMAL RESISTANCE 

Junction to Stud 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At a distance 1/16 in. ±1/32 in. (1.59 ±0.79 mm) 
from case for 10 seconds max 


derate linearly 


CA3134GM, 

CA3134GQM 


—40 to +85 
. -65 to +150 


Features: 

■ Output power 3W (typ.) at V + = 24V, R|_= 16£2 

■ Power amplifier with current limiting and 
thermal shutdown 

■ Wide power-supply range: 12V to 33V 

■ Low quiescent current: 30 mA typ. 

■ 5-kHz deviation sensitivity: 1W output typ. 

■ 3-dB limiting sensitivity : 200 pV typ. 

■ Excellent AM rejection: 50 dB typ. 

■ Differential peak detector— requires one tuned coil 

■ Electronic volume control with improved taper 

■ Optional unattenuated audio output 

■ Optional power-supply ripple by-pass 

■ Hermetic Gold-CHIP 


VOLUME CONTROL 
T6) FOR ELECTRONIC 
ATTENUATOR 


THERMAL 8 
CURRENT 
SENSING 
SHUT DOWN 



]5) SUBSTRATE GROUND 


~ AUDIO OUTPUT FROM 
9) ELECTRONIC 
^ ATTENUATOR 


>22kn 

I VOLUME CONTROL 
(LINEAR TAPER) 


0.01 ft? 

DE- EMPHASIS 


Fig. 1 — Terminal diagram of the CA3134G, 
CA3134GM, and CA3134GQM. 


Fig. 2 - Block diagram of the CA3134 in a typical circuit application. 
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CA3134G, CA3134GM, CA3134GQM 


ELECTRICAL CHARACTERISTICS 

Te*t Conditions: - 2S°C, V + ■ +30 V (applied to Term. 1), DC Volume Control, 

Rx * 75 kto, ■ 16 to, unless otherwise indicated. Refer to FIq.2. 


CHARACTERISTIC 

SPECIAL TEST 
CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. | 

Static Characteristics j 

Current into Term. 1, l-| 

o 

(i 

O 

CL 

Q 


45 

mA 

Dynamic Characteristics 

IF AMPLIFIER: 

Input Limiting Voltage, 
Vig(lim) 

(at -3 dB point) 

f 0 = 45MHz 
f m = 400 Hz 
Af = ±25 kHz 

- 

200 

400 

JiV 

AM Rejection, AMR 

f 0 = 4.5 MHz, f m = 400 Hz, 
Modulation Index = 0.3, 
V 15 = 20 mV 

40 

50 

■ 

n 

Input Resistance, R| 

V 15 = 35mV 

- 

25 

- 


Input Capacitance, C| 

V-, 5 = 35 mV 

- 

3 

- 


DETECTOR: 

Recovered af Voltage 
(Term. 9), VQ<af) 

f 0 = 4.5 MHz, f m = 400 Hz, 
Af = ±25 kHz, V-j 5 = 100 mV 

1 

700 

■ 

mV 

Total Harmonic Distortion, 
(THD) 

- 

0.8 

3 

% 

Output Resistance, Rq 

At Term. 9 

- 

m 

- 

kto 

ATTENUATOR: 
Maximum Attenuation 

R X = 0 

_ 

10 

15 

mV 

UNATTENUATED AUDIO: 
Recovered af Voltage 
(Term. 8), Vg(af) 

f 0 = 4.5 MHz, f m = 400 Hz, 
Af = ±25 kHz, V«|g= 100 mV 

1 

600 

_ 

mV 

Total Harmonic Distortion (THD) 

- 

E9 

m 

% 

AUDIO POWER AMPLIFIER: 
Voltage Gain, A(af) 

f = 1 kHz 

_ 

35 



dB 

System Total Harmonic 
Distortion 
THD (System) 

P 0 = 1W(I T = 140mA typ.) 

- 

1.5 

- 

% 

P 0 = 2W(I T = 180mA typ.) 

- 


D 

% 

Power Output, Pq 

THD (System) = 10% 
(lj = 210 mA typ.) 

- 

5* 

- 

W 

Input Resistance, (R|(af) 

f = 1 kHz 

- 

100 

■ 

kto 


* With suitable heat sink for the CA3134G. 



Fig. 3 — Maximum output power as a function of 
effective load resistance. 



Fig. 4 — Total supply current as a function of 
output power. 



Fig. 5 - Power dissipation as a function of 


output power. 
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CA3134G, CA3134GM, CA3134GQM 


BIAS CIRCUIT FOR RF SECTIONS 



Fig. 7 - Schematic diagram of the CA3134 


OPERATING CONSIDERATIONS 

The CA3134GM, which incorporates the 
tin-plated copper-strap heat sink, was used 
to obtain the power measurement values 
given in this data bulletin. 

A heat sink, similar to the type attached to 
the CA3134GM, may also be used with the 
stud-type CA3134G. A recommended pro- 
cedure for attaching the heat sink to the 
CA3134G is described as follows: 


Apply a non-conductive epoxy (Uniset 
structural adhesive or equivalent) to the top 
side of the plastic package. Then apply a 
conductive epoxy (DuPont 5504A or equiva- 
lent) in the hole of the heat sink and around 
the stud projecting from the plastic package. 
To assure good thermal conduction, use 
sufficient conductive epoxy to allow the 
excess to be forced through the hole when 
the heat sink is fitted over the stud. Stress 


applied to the stud should be limited to less 
than 0.34 newton-meters (3 in-lb) of torque 
66.7 newtons (15 lb) of tension, and 444.8 
newtons (100 lb) of compression. 

The assembly when soldered to a 7.6 cm 
(3 in.) x 10.2 cm (4 in.) PC board has an 
overall thermal resistance (0j U nction-to- 
Ambient) of 32°C/W. 
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CA3134G, CA3134GM, CA3134GQM 



Fig. 7 - Schematic diagram of the C A3 134 . 



CA3135G 


TV Luminance Processor 

"G" Suffix Type - Hermetic Gold-CHIP in 
Dual-ln-Line Plastic Package 


The RCA-CA3135G monolithic silicon inte- 
grated circuit operates from a 12-V supply 
and is used as a low-level luminance 
processor in TV applications. It performs 
the function of video and chroma amplifi- 
cation and allows the gain of both channels 
to be adjusted with a single control voltage. 
The dc level of "black” is maintained by 
clamping the level of the "back porch" 
(black-level reference) of the blanking in- 
terval. This clamping feature provides for 
100% dc restoration. Vertical blanking is 
applied to the luminance as well as to the 
chrominance channel so that vertical inter- 
val test signals (VITS) interference is elimi- 
nated. Automatic brightness limiting (ABL) 
is accomplished by gain reduction in the 
luminance and chrominance channels while 
maintaining black level. 

The CA3135G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack- 
age (G suffix). The chips used in the 
hermetic Gold- Chip plastic packages are 
of the sealed-junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. 


System Features: 

■ Single gain control for luminance and 
chrominance channels 

■ 100% dc restoration with "back porch" clamp 

■ Vertical blanking of both luminance and 
chrominance channels 

■ Automatic brightness limiting 

■ Operates from a 12-V supply 

■ Hermetic Gold-CHIP construction 

■ Gold-CHIP metallization 

■ Silicon-nitride passivated 

■ Platinum-siiicide ohmic contacts 


VOLTAGE REF0-H 


(OR OPTIONAL ABL) 

CHROMINANCE INPUT @ 

GROUND® 

CHROMINANCE OUTPUT (?) 

VERTICAL PULSE (y 
INPUT 

PIX PEAKING (8 



—<16) GAIN CONTROL 
— (^LUMINANCE INPUT 

“0B + 

— (^LUMINANCE OUTPUT 

— (|L CLAMP 

_<H) BUFFERED CLAMPED 

^ HORIZONTAL PULSE 
INPUT 
9)LUMINANCE OUTPUT 


Terminal Assignment 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 


At terminal 9 28 V 

At terminal 14 15 V 

DC SUPPLY CURRENT: 

At terminal 9 30 mA 

At terminal 14 50 mA 


DEVICE DISSIPATION: 

Up to T a = 55°C 750 mW 

Above T a = 55 C Derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage -65to+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 seconds max +265°C 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (See Fig. 3) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply-Voltage Drop 

S2 = closed S3 = open 
SI ,S4,S5,S6,S7,S8 = 1 
Measure across 10 £2 resistor 

130 

215 

300 

mV 

First-Stage Bias 

S2,S3 = closed 
SI ,S6 = 2 
S4,S5,S7,S8 = 1 
Measure term. 13 to ground 

1.7 

2.7 

3.7 

V 

Chroma Bias 

S2,S3 = closed 
SI ,S4,S5,S7 = 1 
S6,S8 = 2 

Measure term. 6 to ground 

7.3 

8 

9.1 

V 

Clamp Video Level 

52 = open Ref.= +12V 

53 = closed 

SI ,S4,S5,S6,S7,S8 = 1 
Measure across 82 k£2 


-8.7 

- 

V 

Video Bias Level 

52 = open 

53 = closed 
SI = 1 

S4,S5,S6,S7,S8 = 2 
Measure across 1 k il 

- 

9 

- 

V 

Luminance Blanking 

52 = open 

53 = closed 
S1,S8 = 1 
S4,S5,S6,S7 = 2 
Measure across 1 k£2 

- 

-50 

- 

mV 

Chroma Blank 

Setup same as above, 
measure term. 6 

10.38 ' 

11.2 

11.58 

V 

Chroma Input 
Impedance 

Max. horizontal input = 1 0 V p _ p 
Max. vertical input = 2 V p _ p 

- 

2.5 

- 

k£2 

Chroma Output 
Impedance 

- 

150 

- 

£2 

Luminance Input 
Impedance 

- 

50 

- 

£2 

Luminance Output 
Impedance 

- 

10 

- 

k£2 
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CA3135G 


DYNAMIC ELECTICAL CHARACTERISTICS at T A = 25°C (See Fig. 41 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Min. Video Gain 

SI, S2 = 1 ; S3, S4 = 2 

V IN = 70 nW RMS' 
f = 100 kHz, V 16 = 12 V 

0.2 

0.35 

0.5 

V RMS 

Max. Video Gain 

S2 = 1; SI, S3, S4 = 2 
V,N = 70 mV RMS , 
f = 100 kHz, V 16 = 0V 

1.6 

2.1 

2.6 

V RMS 

Limited Video Gain 

S2, S4 = 1, SI, S3 = 2 
V, N = 70 mV RMS , 
f = 100 kHz, V 16 = 0 V 

- 

0.3 

- 

V RMS 

Min. Chroma Gain 

SI, S3 = 1 ; S2, S4 = 2; 

V^q = 12 V; chroma in = 530mV R Ms, 
f = 3.58 MHz 

- 

0.095 

- 

V RMS 

Max. Chroma Gain 

S3 = 1 ; S2 = 2, Vjg = 0 V; chroma in; 

SI = 2, S4 = 2 

530 mV RMS , f = 3.58 MHz 

0.5 

0.65 

0.8 

V RMS 

Video Freq. Response 

S2= 1 , SI , S3, S4 = 2 

V| N = 7 0 m V RMS ; V 16 = 0 V; 

f = 3.58 MHz 

1 

1.9 

2.8 

V RMS 

Chroma Phase Angle 

S3 = 1;S2 = 2;V 16 = 0V; 
chroma in; SI = 2, S4 = 2 
530mV RMS ,f = 3.58 MHz 

12 

19.5 

27 

! 

Degrees 

Chroma Gain 
with V + 
Variation 

Vary V + from 10.8 V (REF.) to 13.2 V 
V-| 6 = 50% of V + ; SI , S3 = 1 
S2, S4 = 2 

- 

1.5 


dB 

Video Gain 
with V + 
Variation 

Vary V+ from 10.8 V (REF.) to 13.2 V 
Vi 6 = 50% of V+;S1, S2 = 1 
S3, S4 = 2 

- 

1.5 


dB 


Typical max. luminance input before clipping (f = 100 kHz): 


Vi 6 INPUT 

+ 12 V 2.5 Vp. p 

+6 V 0.75 Vp.p 

0 V 0.45 Vp.p 


+ 12V 



Fig. 1 — Block diagram. 


CIRCUIT DESCRIPTION 

(See fig. 2 for schematic diagram). 

A video (luminance) signal from the re- 
ceiver's "second detector" is coupled through 
a capacitor to term. 15 with sync-negative 
polarity. For purposes of the following 
amplifier, the level is clamped at the most 
negative point (sync tips) at the input (this 
is nai the point at which the final "black"- 
level clamping, or dc restoration, is per- 
formed) . The capacitor at term. 1 5 is charged 
on the most negative excursions of the signal 
by conduction of Q4. Positive signal excur- 
sions lift the emitter of Q4 into cutoff. The 
signal voltage on R3 develops a signal current 
in Q6. The current passes through Q7 and 
Q8, the division of current depends on the 
condition of the gain-adjusted signal voltage 
on the load resistors (discussed below). The 
gain-adjusted signal voltage on the load re- 
sistors is converted to current by the emitter- 
follower,Q14 into R9, and fed into the cur- 
rent mirror, Q15, Q16, and Q17. The output 
of the current mirror develops a voltage across 
R13. The dc level is shifted by withdrawing 
some current from the input to the mirror. 
The fixed dc-level shifting current is de- 
veloped in R6 and its diode string and is 
mirrored in Q13. Because the dc level is 
altered by adjustment of the gain, compen- 
sating dc currents that depend on these ad- 
justments are fed into the mirrors through 
R13 and R29. The compensations are ar- 
ranged so that, as gain is varied, the dc level 
of "black" is approximately constant at the 
output term. 13. The output is driven by 
emitter follower Q18, which has a short- 
circuit pulldown protection circuit, R 14 and 
Q19. A constant-current source Q20 loads 
the emitter-follower to prevent distortion in 
the emitter-follower that may result from 
using a resistive load. The constant current 
is derived by mirroring the current in the 
diode D23. The resistor R15 prevents 
serious interaction with another current 
source mirrored from this point in case Q20 
saturates. 

The video output signal at term. 1 3 is coupled 
by a capacitor to term. 12. The polarity has 
not been inverted by the first amplifier, and 
sync is in the negative direction at this point. 
Black-level clamping is accomplished by 
application of a flyback pulse to term. 10. 
Between pulse peaks, Q29 is not conduct- 
ing, and the base of Q24 goes up to the 
supply voltage so that term. 12 can be at any 
voltage between ground and the supply. 
While the flyback pulse is positive, that is 
during the blanking interval, the base of Q24 
is held at about 2.8 volts. The most positive 
signal excursion during that time will cause 
Q24 to conduct with the result that the 
capacitor feeding term. 12 is charged until 
the most positive point of the signal is just 
at the conduction point, about 3.5 volts. 
The most positive part of the signal during 
blanking is the "back porch" or black-level 
reference. During trace time, the signal 
swings more positive, but the dc level of 
black is preserved regardless of the levels 


I 


I 
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Fig. 2 - Schematic diagram 


of sync or video signals. Term. 12 is a high- 
impedance point, and the emitter-follower 
Q26isused to bring the signal outtoterm.11. 
The signal voltage at term. 11 is directly 
coupled through a resistor to term. 8, gener- 
ating a current in term. 8. This current is 
amplified 10 times by the current mirror 
Q51, Q52, and Q53. Blanking during the 
vertical retrace interval is accomplished at 
Q50 via term. 7. Term. 7 is normally high 
enough to keep Q49 in saturation. A nega- 
tive pulse from the vertical circuit cuts 
Q49 off, allowing some of the current 
through R51 to saturate Q50. When Q50 
sinks the term. 8 input current, there is no 
output from term. 9 — as if the signal were 
blacker-than-black. The output current from 
term. 9 is used to drive the receiver's RGB 
matrix and the amplifiers that drive the 
picture tube. 

The chrominance signal is taken from the 
first chroma amplifier following the auto- 


matic chroma control (ACC) and coupled 
through a capacitor to term. 4. The signal is 
attenuated by R38 and R37 and applied to 
an emitter-follower amplifier which drives 
the emitter of Q43. The current is steered 
through Q40 and Q41 depending on the 
gain-control conditions to the load resistors. 
An emitter-follower Q46 feeds term. 6, and 
R46 and Q45 provide short-circuit protec- 
tion. The chroma amplifier is also blanked 
via the input at term. 7. The negative pulse 
at term. 7 allows the current through R51 
to feed the base of Q44 (as well as the base 
of the video blanker, Q50). When Q44 satu- 
rates, the current is cut off in Q43 to disable 
the amplifier. 

The combined gain control for the video 
and chroma sections is operated by vary- 
ing the voltage on term. 16 between ground 
and the positive supply. Term. 16 has an 
emitter-follower Q31 loaded by a current 
source Q32. The voltage on term. 16 then 
determines whether the flow of current in 


R31 goes through Q36 or through Q33 to 
the resistors R24 and R26. The current on 
the Q33 side, a portion of the total current, 
is varied linearly by the control voltage. The 
gain-control amplifiers are slaves which follow 
the linear current control. The transistors 
Q34 and Q35 are driven as Darlington stages 
to reduce base-current effects in the control 
circuit. The normal gain-control function 
causes a change in the voltage on the base of 
Q34 with respect to the reference voltage at 
the base of Q35. The gain can also be 
changed by altering this reference voltage. 
This change in reference voltage is also used 
for "brightness limiting"! The picture-tube 
current is sensed, and, when it exceeds some 
predetermined level, a voltage applied to 
term. 2 turns Q38 ON to reduce the refer- 
ence voltage, thereby reducing the gain. 
Under these conditions, there is a closed 
feedback loop; the gain is set at a point 
such that the picture-tube current is just 
sufficient to cause a little conduction in Q38. 


380 


CA3135G 


BUFFERED 




Fig. 3 — Static characteristics test circuit. 




CA3135G 




Fig. 5 — Typical chroma amplifier maximum 
linear voltage as a function of 
supply voltage. 



SUPPLY VOLTAGE (V + ) —V oc 92CS-30872 

Fig. 6 — Typical maximum linear luminance volt- 
age at terminal 15 as a function of supply 
voltage. 



1 AMBIENT TEMPERATURE (T A ) *23*0 
FREQUENCY (♦) * 100 KHi 
SUPPLY VOLTAGE (V+) « 12 V 



OUTPUT AT TERM. 9-V p _ p 92CS . 5O0T5 


Fig. 7 — Typical chroma amplifier phase shift as a 
function of supply voltage. 


Fig. 8 - Input voltage as a function of output 
voltage. 



Fig. 9 — Typical gain-bandwidth response. 
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TV Video IF 
Phase-Locked-Loop 
Synchronous Detector 
for Color TV Receivers 

The RCA-CA3136E is a linear 1C synchro- 
nous detector employing a phase-locked 
oscillator to demodulate the 45.75-MHz 
video if signals in color-TV receivers. The 
CA3136E features AFT voltage for dc con- 
trol of the tuner; an adjustment for the 
zero-carrier dc level at the video output 


Preliminary Data 

Features: 

■ PLL carrier oscillator with wide pull-in and 

■ Excellent low-level detector linearity 

■ Noise inversion at video output 

■ Wide range, variable zero-carrier 

level adjustment 

terminal; an amplifier arrangement for in- 
verting noise impulses toward the black 
level; and a separate output terminal (non- 
inverting) for the sound if. 

The CA3136E is supplied in a 16-lead 
plastic "power-stud" dual-in-line package. 


CA3136E 


MAXIMUM RATINGS, Absolute-Maximum Values: 

Power Supply Voltage 15 V 

Power Supply Current . 100mA 

Input Signal Voltage - 1 Vrms 

Device Dissipation: 

With no Heat Sink: 

Up to T a = 25°C 1 .4 W 


With Infinite Heat Sink: 

Up to T a = 70°C 6.5 W 


Thermal Resistance: 

R 0JS (Junction to Stud) . 12°C/W 

Ambient Temperature Range: 

Operating — 40 to +85°C 

Storage — 65to+150°C 

Lead Temperature (During Soldering): 

At a distance 1/1 6 in. ± 1/32 in. (1 .59 ± 0.79 mm) from case 

for 10 seconds max 265°C 


AFT OUTPUT Apc F|LT£R 
AFT DEFEAT V °l~>v con 


-X “0 f 33PF 1 


ING ZERO CARRIER 

v *O bias ADJUST 

L “ ° 2/lH X SOUND 
Q* 100 l0K < 4- | TAKE-OFF 


AFT PHASE 
DETECTOR 


SYNCHRONOUS 

DETECTOR 


hold-in range 

■ Automatic Fine Tuning (AFT) Detector 

■ Separate output for sound take-off 

■ 12-volt power supnly 


ALL RESISTANCES IN OHMS 





CN VIDEO OUTPUT 
iSl (NEGATIVE- 
GOING SYNC.) 
'9') SOUND 
•^TAKE-OFF 
OUTPUT 


TERMINAL DIAGRAM 

SUGGESTED GENERAL ALIGNMENT 
PROCEDURE 

Fig. 1 shows a block diagram of the CA3136 
in a typical circuit indicating the internal 
functions as well as the external circuitry 
and signals. A 45.75-MHz, 100-mVrms (50- 
ohm) signal is applied to the VIDEO IF IN- 
PUT (Terminal 4). While monitoring the 
VIDEO OUTPUT (Terminal 10), make the 
following adjustments in the indicated se- 
quence; (1) adjust the VCO TUNING coil 
for a dc signal (lock). (2) Adjust the LIMITER 
TUNING coil for a minimum dc voltage on 
Terminal 10. (3) Adjust the VCO TUNING 
coil for 5.2 Vdc on Terminal 5 (with 12 volt 
supply on Terminal 8). (4) Close the AFT 
DEFEAT switch and note the dc voltage at 
the AFT OUTPUT (Terminal 12). (5) Return 
the AFT DEFEAT switch to its open po- 
sition, and adjust the AFT TUNING coil 
for the same dc voltage noted when the 
AFT DEFEAT switch was closed. (6) Re- 
move the rf input and adjust the ZERO 
CARRIER BIAS potentiometer for 7 volts 
dc on the VIDEO OUTPUT (Terminal 10). 
This final adjustment completes the alignment 
procedure. 



Fig. 1 - Block diagram of the CA3136 in a typical circuit application. 


Fig. 2 — Typical detector output linearity. 
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CA3137E 


TV Chroma Demodulator 


Features: 

■ Balanced chroma demodulators 

■ Color difference matrix (6500°K) 

■ DC tint control 

■ Three low-output-impedance drivers for 

direct coupling 

■ Reference subcarrier limiter 

■ Internal RF filtering 

■ DC chroma gain control 

■ Dynamic "flesh correction" 

corrects purple and green flesh colors 
without affecting primary red, green, and 
blue colors 

■ Requires few external components 

■ No tuning adjustments are necessary 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C 


DC SUPPLY VOLTAGE (between Terms. 5 and 12) . . . . . . . 13.2 V 

DEVICE DISSIPATION: 

Up to T A = 55°C 750 mW 

Above T A = 55°C derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating —40 to +85 °C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During soldering): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) 

from case for 10 s max. +265°C 


The RCA-CA3137E is a monolithic silicon 
integrated circuit that performs the demodu- 
lation, dynamic "flesh correction", tint con- 
trol, and chroma gain-control functions. It 
is designed to function compatibly with the 
CA3126Q Chroma Processor, and is supplied 
in the 16-lead dual-in-line plastic package. 

tint control(C 

SAT. CONTROL (g 
CHROMA INPUTd 
RF BY PASS <4 
GROUND (| 

R-Y OUTPUT (6 
G-Y OUTPUT (7 
B-Y OUTPUT d 


Fig. 1 — CA3137E terminal assignment. 




92CS- 26906 


Fig.2 - DC test circuit. 



Fig. 3 — Functional diagram and typical dynamic test circuit. 
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ELECTRICAL CHARACTERISTICS AT Ta = 25°C, V+ = 11.2 V 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Min.j Typ. J Max. 

STATIC (See Fig.2) | 

Supply Current 

'T 


- 

35 

47 

mA 

Reference Subcarrier Input 

Vl 6 


- 

6.7 

- 

VDC 

Oscillator Reference Inputs 

Vg,Vio 


- 

3.8 

- 

VDC 

R-Y, G-Y, B-Y Outputs 

v 6* v 7. v 8 


_ 

5 

_ 

VDC 

Chroma Input 

v 3 


- 

,.2 

- 

VDC 

DYNAMIC (See Fig.3) | 

Tint and Sensitivity 
Limiting 

Vn 

Vi 6 ~ 200 mV p-p @ 3.58 MHz 

200 

300 

_ 

mVp-p 

Tint Limiting 

vn 

Vi 0 = 800 mV p-p@ 3.58 MHz 

- 

425 

600 

mVp-p 

Tint Amplifier* 
Phase Reference 

0 V 11 

Vi 6 = 400 mV p-p, 

Term.1 = 11.2 VDC 

-35 

-25 

-15 

Degrees 

Tint Control* 
Range 

A 0 n 

Vi Q = 800 mV p-p, 

Term.1 = 1.2 VDC 

-130 

-110 

-80 

Degrees 

Ratio G-Y to R-Y 

v 7 /v 6 

Vi g = 400 mV p-p, 

V 3 = 40 mV p-p 

28 

33 

38 

% 

Ratio B-Y to R-Y 

V 8 /V 6 

108 

120 

132 

% 

Demodulated Chroma 
Output R-Y 

V 6 

Vi 0 = 400 mV p-p, 

V 3 = 40 mV p-p 

350 

550 

_ 

mV p-p 

Color Difference Output 
(Bandwidth at 3 dB) 


V 3 = 40 mV p-p 

_ 

900 

_ 

kHz 

Maximum Color Differ- 
ence Outputs: 

R-Y 

V 6 

Vi 0 = 400 mV p-p, 

V 3 = 300 mVp-p 

1.5 

2.2 


CL 

Cl 

> 

G-Y 

V 7 

0.42 

0.7 

- 

B-Y 

V 8 

1.6 

2.65 

- 

"Flesh Detector" 
Reference: 


Set-Up: 

Term. 2 = 1 .6 V 
Term.1 =11.2 V 
T erm. 1 6 = 400 mV p-p 
@0° Reference Angle 
Term.3= 40 mV p-p 
@ 10° Reference Angle 
Si Closed (Term.15atGND) 

Reference 

Set-Up 


"Flesh Detector": 
Phase 

011 

Same Set-up except Si open 

•_ 

0 

_ 

Degrees 

Amplitude 

vn 


275 

- 

% 

"Flesh Detector": 
Phase 

011 

Same Set-up except 

Term. 3 at 190° angle 

_ 

0 

_ 

Degrees 

Amplitude 

vn 

- 

. 100 

- 

% 

Small-Signal Output 
Resistance (Terms. 6, 7, 8 ) 

r o 


- 

50 

- 

a 

Small-Signal Input 
Resistance: 

Term. 3 

r i 



3 



Terms.9&10 

- 

2.5 

- 

NA 6 


* Phase angle of term. 1 1 referenced to term. 16 phase angle. 

A Phase angle of term. 1 1 with term. 1 = 1 .2 V minus phase angle of term. 1 1 with term. 1 = 1 1 .2 V. 
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CA3139E, CA3139Q 

TV Automatic Fine Tuning 
Circuit 


With Intercarrier Mixer/Amplifier 
For Color and Monochrome Receivers 

Features: 

■ Cascode-type high-gain ampli- 
fier (15-mV input for rated 
output) 

■ AFT differential peak detector 

■ Differential amplifier 

■ Bipolar outputs 

■ Five-stage intercarrier mixer/ 
amplifier 

■ Internal voltage regulator 

■ For use in either color or 
monochrome receivers 

The RCA-CA3139 is a monolithic TV Auto- 
matic Fine Tuning (AFT) circuit that pro- 
vides an AFT voltage and an amplified 
4.5-MHz intercarrier sound signal. When con- 
nected to an output of an IF amplifier the 
CA3139 provides thesignal processing (ampli- 
fication and detection) necessary to generate 
the AFT correction signals required by the 
TV tuner. It also mixes the video and sound 
IF carriers and amplifies the resultant 
4.5-MHz intercarrier sound signal. This sound 
output may then be connected to an FM 
detector such as the RCA-CA3134 “TV 
Sound IF and Audio Output Subsystem", or 
the RCA-CA3065 “FM Detector and Audio 
Driver". 

The AFT portion of the CA3139 is similar to 
the RCA-CA3064 AFT circuit with the 
following exceptions: (a) the AFT filter 

capacitors are external and user selectable, 
allowing the detector to operate as a peak 
detector and resulting in a higher effective 
gain for the TV signal; (b) the detector bias 
resistor is external and user selectable, al- 
lowing the gain of the AFT and intercarrier 
signals to be adjusted; (c) the dynamic re- 
sistance of the shunt regulator has been 
decreased. 

The CA3139 is supplied in a 14-lead dual-in- 
line plastic package (CA3139E) or a 14-lead 
plastic package with quad-formed leads 
(CA3139Q). 

MAXIMUM RATINGS, 

Absolute-Maximum Values: 

DEVICE DISSIPATION: 

Up to T A = 25°C 630 mW 

Above = 25°C. . . . .derate linearly 6.7 mW/°C 
AMBIENT TEMPERATURE: 

Operating _40 to +85°C 

Storage -65to+150°C 

LEAD TEMPERATURE /Ouring Soldering) : 

At distance 1/16” ±7/32” 

(1 .59 mm ± 0.79 tvim) 

from case for 10 s max 265°C 


DC CORRECTION 
VOLTAGES TO 
TUNER 


Fig. 1 — Block diagram and typical application of CA3139. 

MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied 
to the terminals listed vertically with respect to the terminals listed 
horizontally. For example, the voltage range between vertical terminal 
3 and horizontal terminal 1 2 is +8 to -1 .5 volts. C 


Terminal 

No. 


MAXIMUM 
CURRENT RATINGS 

I io I I -lit I ^ IN' 


NO INTERNAL CONNECTION 


+8 

+0 

+8 

+8 

+8 

+8 

+8 

+8 

+8 

10 

-1.5 

-10 

-1.5 

-1.5 

-1.5 

-1.5 

-1.5 

-1.5 

-1.5 

+0 

+0 

+0 

+0 

+0 

+0 

+0 

+0 

+0 

50 

-3 

-11 

-3 

-3 

-3 

-3 

-3 

-11 

-11 

+0 

+0 

+2 

+ 1 

+2 

+2 

+2 

+ 1 

+1 

1 

-5 

-14 

-5 

-5 

-5 

-5 

-5 

-8 

-8 



+0 

+2 

+0 

+2 

+1 

+ 1 

+0 

+0 

2 


-14 

-2 

-2 

-2 

-3 

-3 

-10 

-10 



+ 15 

+ 13 

+ 15 

+ 13 

+ 13 

+ 10 

+ 10 

50 



-0 

-0 

-0 

-0 

-0 

-0 

-0 




+ 1 

+5 

+5 

+1 

+0 

+0 

2 




-5 

-5 

-5 

-5 

-14 

-14 






+ 10 

+8 

+8 

+0 

+0 

10 





-2 

-2 

-2 

-10 

-10 






+ 1 

+5 

+ 1 

+ 1 

o 






-5 

-5 

-10 

-10 

4 






* 

* 

* 

2 







♦ 

* 

2 


Terminal number 7 may be connected to any 
positive voltage source greater than the internal 
zener regulating voltage through a suitable 
dropping resistor - provided the dissipation 
rating is not exceeded. 

This terminal should be connected to the most 
negative potential of the complete circuit. 


Voltages are not normally applied between 
these terminals. Voltages appearing between 
these terminals will be safe if the specified 
limits between all other terminals are not 
exceeded. 

It is recommended that unused terminals 1 and 
2 be grounded to act as shields. 
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CA3139E, CA3139Q 


ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 28V (Unless Otherwise Specif iedl 
See Test Circuit, Fig. 2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. | Max. 

NO SIGNAL INPUT j 

Supply Current, l + 


15 

20 

mA 

Low Voltage at Term. 7 1 

V + = 20.8 V 

11 

14.5 

V 

Shunt Reg. Voltage 


12 

14.5 

V 

Quiescent Voltage at Term. 3 


4.5 

10 

V 

Quiescent Voltage 2 at Terms. 
13 and 14 

Term. 1 3 connected to Term. 14 

6 

8.5 

V 

Quiescent Difference Voltage, 
Terms. 1 3 to 14 


-0.8 

+ 0.8 

V 

Quiescent Voltage at Term. 6 


1.4 

2.6 

V 

SIGNAL INPUT = 15 mVpi^jg (Unless Otherwise Specified), Note 3 

Correction Voltage at 
Term. 13 

f = 44.65 MHz 

2.2 

4.7 

V 

f = 45.69 MHz 

1.2 

4.4 

f = 45.81 MHz 

9.6 

13.8 

f = 46.85 MHz 

9.1 

12.1 

Correction Voltage at 
Term. 14 

f = 44.65 MHz 

9.1 

12.1 

V 

f = 45.69 MHz 

9.6 

13.8 

f = 45.81 MHz 

1.2 

4.4 

f = 46.85 MHz 

2.2 

4.7 

4.5 MHz Output 

Two-Tone Input 

fl = 45.75 MHz at 15 mV 

f2 = 41.25 MHz at 5 mV 

50 

200 

mV RMS 


NOTES: 1. 17 = 12 mA maximum at V7 = 1 1 V. 

2. V 13 = 0.55 V z ± 0.7 V 

3. Resistor from term. 6 to term. 7 = 9.09 KS2. Crossover steepens and "bow tie" 
width increases when resistor is decreased in value. Total peak swing decreases 
slightly. 



1. Um 10 Kfl liolttion Resistor at DC 
Volt met at Probe Tip When Making 
DC Meesurcments, 

2. Typical No Signal DC Potentials Are 
Shown. 

3. Boxes Represent Test Points. 


L2: RCA P.N. 14133 

4VS Turns #22 Wire. O.D. - 0.2S" (Typ.) 
0 (Unloaded) - 100 (Min.) 
f - 41.26 MHz 
Inductance - 0.18 ph (Typ.) 


3% Turns (Center Tapped) #20 Wire, 
O.D. - 0.36” (Typ.) 

Q (Unloaded) • 140 (Min.) 

I - 46.75 MHz 
Inductance • 0.18 ph (Typ.) 


Fig. 2 — Test circuit. 


CIRCUIT DESCRIPTION 

The CA3139 consists of five functional cir- 
cuits as shown in the block diagram, Fig. 1 

(see Fig. 5 for schematic diagram). 

1) Cascode Amplifier — Consists of emitter- 
follower Q1, common-emitter amplifier 
02 , and common-base amplifier Q3. 

2) Bias Circuit - Consists of Q4 and resistors 
R1, R4, R5, and an external resistor (user 
selectable) connected to the voltage regu- 
lator, terminal 7. The nominal value of 
the external resistor is 9.1 k£2. Reduced 
values will raise the gain of the cascode 
amplifier chain, and higher values will 
reduce the gain. If the gain is increased, 
the AFT "Bow Tie" width will increase 
and the crossover slope will increase 
(become steeper). The input transistor 
Q1 is internally biased, so AC coupling 
is normally used to the input terminal 5. 

3) Intercarrier Mixer/ Amplifier — The out- 
put of the cascode amplifier at terminal 9 
is also internally connected to the inter- 
carrier mixer/amplifier chain consisting 
of transistors Q13 through Q17 and as- 
sociated components. The video IF carrier 
at 45.75-MHz and the FM sound IF 
carrier at 41.25-MHz are down-converted 
to a 4.5-MHz FM signal by Q14. A low-pass 
filter removes the carriers and upper con- 
version signal components. The 4.5-MHz 
FM signal is further amplified and filtered 
by Q16 and C3. The FM sound output 
signal is at terminal 3. The gain with 
respect to a 5-mV sound carrier (tested 
with a 15-mV video carrier) input signal 
at terminal 5 is 10 to 40 when the resistor 
is connected between terminals 6 and 7 
is 9.09 k£7. 

4) AFT Detector and DC Amplifier — Con- 
sists of Q6 through Q12 and related com- 
ponents. The detector inputs at terminals 
8 and 10 are connected to the external 
discriminator transformer and biased 
through the transformer at terminal-6 
potential. The total current through tran- 
sistors Q7 and Q8 is held constant by the 
current-mirror transistors Q10, Q11, and 
Q12. External filter capacitors connected 
to terminals 11 and 12 assure that peak 
detection is accomplished. The AFT out- 
put voltages are shown in the Electrical 
Characteristics chart, and a graphical repre- 
sentation is shown in Fig. 4. 

5) Voltage Regulator — An active shunt 
regulator, consisting of D1-, D2, Z1, Z2, 
and Q5, is included to reduce the dynamic 
resistance. 
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CA3139E, CA3139Q 



Fig. 3 - Terminal assignment. 



INPUT FREQUENCY DEVIATION -MHi 


Fig. 4 — Dynamic control-voltage characteristics. 


OUTPUT B£S Z ^NER FILT ER 





Fig. 5 — Schematic diagram of CA3139. 


Fig. 6 - Typical tuner connection. 






Fig. 7 — Template of CA3139Q circuit board 
(actual size, bottom view). 



Fig. 8 - CA3139Q circuit board with 
components. 




CA3143E 


TV Luminance Processor 


The CA3143E is a monolithic silicon inte- 
grated circuit that performs the luminance 
processing functions of amplification; con- 
trast, brightness and peaking control; blank- 
ing; and black-level clamping. 

This device, when used in conjunction with 


the CA3126Q chroma processor and the 
CA3137E chroma demodulator, will pro- 
vide a luminance/chrominance system hav- 
ing excellent tracking of controls. The 
CA3143E is supplied in a 14-lead dual- 
in-line plastic package. 


Features: 

■ Black-level clamping 

■ Linear dc controls for brightness, 
contrast, and peaking 

■ Horizontal and vertical blanking 

■ Operates with standard or tapped delay line 

CIRCUIT DESCRIPTION 

Fig. 1 is a block diagram of the CA3143E 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with positive-going sync is ap- 
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line 
are applied to terminals 1, 2 and 3 of the 
CA3143E. In referring to Fig.4, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 
taps B and C are summed where Vy\ + Vg 
= V sum . The signal (V sum ) is then applied 
to the parallel connection of the peaking 
input terminals, 2 and 3. The videb input 
signal is applied to a non-inverting input of 
the peaking amplifier while the peaking input 
signal (V sum ) is applied to an inverting in- 
put of the peaking amplifier. 

Low-frequency video components are un- 
attenuated, while high-frequency compon- 
ents are attenuated as a function of the 
delay-line tap points. The peaking amplifier 
is a differential amplifier, so that the output 
is proportional to V-j minus V sum . At low 
frequencies, the signal at terminals 2 and 
3 is unattenuated, and the peaking ampli- 
fier produces no output at these frequen- 
cies. However, at high frequencies the signal 
at terminals 2 and 3 is attenuated thus, the 
peaking amplifier output consists of high-fre- 
quency video. The peaking control setting 
determines the amplitude of the peaking sig- 
nal which is then fed to the video amplifier, 
where it is added to the video input signal 
and amplified. The setting of the peaking 
control does not substantially affect the dc 
quiescent voltage at terminal 4. 

The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, the 
black-level clamp input. The action of the 
black-level clamp is such that it clamps to 
the black level rather than to the sync level. 
Refer to the circuit diagram in Fig. 3. Con- 
sider the situation where no signal is applied 
to terminal 12. Terminal 6 is biased through 
diode D2. The signal at terminal 6 will 
clamp its most negative excursion (sync 
pulse) to the anode voltage of D2. How- 
ever, if a positive pulse is applied to termi- 
nal 12 during the sync interval, the anode 
of D2 is forced to ground due to saturation 
of Q17. The clamp is thus disabled, and 
terminal 6 will clamp to the next lower 
signal level, the black level. 
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CA3143E 


MAXIMUM RATINGS, Absolute-Maximum Values', 

DC SUPPLY CURRENT (Into Terminal 13)* 59.5 mA 

DEVICE DISSIPATION:* 

UptoT A = 55°C 750 mW 

Above T/\ = 55°C derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating _40 to +85°C 

Storage -€5to+150°C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 

from case for 1 0 s max +265°C 

* Although the CA3143E is rated for maximum by external circuit resistance to 39 mA for 

dissipation of 750 mW, it is recommended a typical voltage at terminal 13 of 11.8 volts, 

that the current into terminal 13 be limited 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
I I I Test Conditions 


Characteristic 

STATIC 

Voltage: 


Bias Switch Numbers 

Volts S1|S2|S3|S4|S5|S6|S7|S8|S9|S10| S1 1 
(V) Switch Positions 


At Term. 13 (VI 3) 

6.1 

Quiescent Voltage 
At Term. 4 (V4) 

6.1 

Quiescent Voltage 
At Term. 7 (V7) 

6.1 

Current into Term. 13 
(Term. 13 Connected 
to +1 1 V) (113) 

6.1 

DYNAMIC 

Wide-Band Gain 
(Note 1) 

5.8 

Contrast Gain 
Reduction 
(Note 2) 

5.8 

Peaking Gain 
(Note 1 ) 

5.8 

Peaking 

Gain Reduction 
(Note 3) 

5.8 

Max. Intermodulation 
Distortion: 

2V (Note 4) 

5.8 

3V (Note 5) 

5.8 


2 1 1 2 2 3 1 2 2 1 1 3.3 


2 1 1 2 2 3 1 2 2 1 


1 112 1 2 11 12 1 


1 1 1 2 1 2 1 1 2 2 1 27 30 


J_ - 1 _ 1 _ 1 2 1 2 1_ 

1 - 1112-212 1 


Min. 

Typ. 

Max. 


11 

11.8 

13.2 

3.3 

4 

5.7 

7.1 

7.7 

8.3 

10 

19 

30 


6 

8.3 

11 

27 

30 


15 

18.4 

22 

16 

18 



20 


- 

40 

- 


The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blank- 
ing is accomplished by applying horizontal 
and vertical sync pulses to terminal 9. The 
pulses turn ON p-n-p transistor Q6 which 
shorts the base of transistor Q15 to the 
terminal 13 supply voltage. The bright- 
ness control function is accomplished by 
varying the voltage on terminal 8. The gain 
of the inverter stage remains constant, but 
the dc reference voltage follows the terminal 
8 voltage. The contrast control function is 
accomplished by varying the voltage of ter- 
minal 10. Increasing the voltage on termi- 
nal 10 lowers the gain of the video ampli- 
fier. This reduction in gain does not sub- 
stantially affect the dc quiescent voltage at 
terminal 4. 


CA3I43E 

TERMINALS 



92CS-27423 

Fig. 4 — Tapped delay line. 


Note 1: Set 50-kHz generator for 100 mVp-p. Adjust R1 Peaking Control (See Fig.2) for 
minimum setting. Measure wide-band gain at terminal 7. 

Note 2: Set 50-kHz generator for 100 mVp-p. Adjust R1 for minimum setting. Measure 
contrast gain reduction at terminal 7. 

Note 3: Set 50-kHz generator for 100 mV-p-p. Adjust R1 for maximum setting. Measure 
peaking gain reduction at terminal 7. 

Note 4: Adjust R1 for minimum setting. With S2 at switch positionl and S7 at switch 
position 3, set 50-kHz generator for 2 Vp-p. Then with S2 at switch position 
2, set 1 MHz generator for 100 mVp-p. Then with S7 at switch position 2, 
measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 

Note 5: Repeat step 4 except that the 50-kHz generator must be set at 3 Vp-p. 



A = Amplitude of 50 kHz signal at deepest trough 
B = Peak amplitude of 50 kHz signal 
Downward Modulation = B— A 
B 
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CA3144G 

TV Luminance Processor 


The CA3144G is a monolithic silicon inte- 
grated circuit that performs the luminance 
processing functions of amplification; con- 
trast, brightness and peaking control; blanking; 
and black-level clamping. 

This device, when used in conjunction with 
the CA3126Q chroma processor and the 
CA3137E chroma demodulator, will provide 
a luminance/chrominance system having ex- 
cellent tracking of controls. The CA3144G is 
supplied in a 16-lead hermetic Gold-CHIP 
dual-in-line plastic package ("G" suffix). 

The semiconductor junctions in this device 
are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly cor- 
rosion-resistant, terminal-connection system 
of unique design is employed. 


Features: 

■ Black-level clamping 

■ Linear dc controls for brightness, 
contrast, and peaking 

■ Horizontal and vertical blanking 

■ "Hermetic Chip" construction 

■ Silicon nitride passivated 

■ Platinum silicide ohmic contacts 

■ Gold-CHIP metallization 

■ Operates with standard or tapped delay line 


TERMINAL ASSIGNMENT 


VIDEO INPUT0— 

PEAKING! ©H 
INPUTS] 0_ 

VIDEO OUTPUT 0 — CA3I44G 
SUBSTRATE 0 — 

CLAMP INPUT 0 

CLAMPED VIDEO rT) 

OUTPUT 

BLANKING INPUT 0 


-0 NC 
-0NC 
-0NC 

-0 SHUNT REG. 8 BIAS 
_/T2\ CLAMP 
viS'lNHIBIT INPUT 
-0 PEAKING CONTROL 
—{jo) CONTRAST CONTROL 
./^BRIGHTNESS 
\2/ CONTROL 


TOP VIEW 

NC* NO CONNECTION 


92CS-28I07 



A = Amplitude of 50-kHz signal at deepest trough 
B = Peak amplitude of 50-kHz signal 
B-A 

Downward Modulation = 

B 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY CURRENT (Into Terminal 13)* 57 mA 

DEVICE DISSIPATION: * 

Up to T a = 55° C 750 mW 

Above T a = 55°C derate linearly 7.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating —40 to +85° C 

Storage -65 to +1 50° C 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) 

from case for 10 s max +265 C 


* Although the CA3144G is rated for maximum dissipation of 750 mW, it is recommended that the current 
into terminal 1 3 be limited by external circuit resistance to 39 mA for a typical voltage at terminal 1 3 of 
12.3 volts. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


Characteristic 

Bias 

Volts 

(V) 



Test Conditions 

LIMITS 

U 

N 

1 

T 

S 

Switch Numbers 

S1|S2|S3|S4|S5|S6|S7|S8|S9|S10| S11 

Switch Positions 

For Characteristics Measurements 

Min. 

Typ. 

Max. 

| STATIC | 

Voltage: 

At Term. 13 (VI 3) 

6.5 

2 

1 

1 

2 

2 

4 

1 

2 

2 

1 

1 

11 

12.3 

13.2 

V 

Quiescent Voltage 
At Term. 4 (V4) 

6.5 

2 

1 

1 

2 

2 

3 

1 

2 

2 

1 

1 

3.3 

4 

5.7 

V 

Quiescent Voltage 
At Term. 7 (V7) 

6.5 

2 

1 

1 

2 

2 

2 

1 

2 

2 

1 

1 

7.1 

7.7 

8.3 

V 

Current into Term. 13 
(Term. 13 Connected 
to +1 1 V) (113) 

6.5 

2 

1 

1 

2 

2 

3 

1 

2 

2 

1 

2 

10 

18 

30 

mA 

| DYNAMIC | 

Wide-Band Gain 
(Note 1) 

7.3 

1 

1 

1 

2 

1 

2 

, 

1 

1 

2 

1 

1 

3 

5 

dB 

Contrast Gain 
Reduction 
(Note 2) 

7.3 

1 

1 

1 

2 

1 

2 

1 

1 

2 

2 

1 

27 

30 


dB 

Peaking Gain 
(Note 1 ) 

7.3 

1 

1 

2 

2 

1 

2 

1 

1 

1 

2 

1 

9 

13 

17 

dB 

Peaking 

Gain Reduction 
(Note 3) 

7.3 

1 

1 

2 

2 

1 

2 

1 

1 

1 

2 

1 

16 

18 


dB 

Max. Intermodulation 
Distortion: 

3.8 V (Note 4) 

7.3 

1 


1 

1 

1 

2 


2 

1 

2 

1 


20 


% 

5 V (Note 5) 

7.3 

1 

- 

1 

1 

1 

2 

- 

2 

1 

2 

1 

- 

40 

- 

% 


Note 1 : 

Set 50-kHz generator for 200 mV rms . Adjust R1 peaking control for minimum setting (see Fig. 2). 
Measure wide-band gain at terminal 7. 

Note 2: 

Set 50-kHz generator for 200 mV rms . Adjust R1 for minimum setting. Measure contrast gain reduction 
at terminal 7. 

Note 3: 

Set 50-kHz generator for 200 mV rms . Adjust R1 for maximum setting. Measure peaking gain reduction 
at terminal 7. 

Note 4: 

Adjust R1 for minimum setting. With S2 at switch position 1 and S7 at switch position 3, set 50-kHz 
generator for 3.8 V p . p . Then with S2 at switch position 2, set 1 -MHz generator for 200 mV rms . Then 
with S7 at switch position 2, measure downward modulation of the 1-MHz signal due to the 50-kHz signal. 
Note 5: 

Repeat step 4 except that the 50-kHz generator must be set at 5 V p . p . 
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CA3144G 


J\ 


SHUNT 
REGULATOR 
AND BIAS 


+ 30V 
12.3 VOLTS 
REGULATOR 
VOLTAGE 


Fig. 1 — Functional block diagram. 


ISkfl SOkll MAX 3 9kft 



P i 30 kH 
o-f-'WVO*!2V 

oskn 


Fig. 2— Test circuit. 
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CA3144G 



CIRCUIT DESCRIPTION 


Fig. 1 is a block diagram of the CA3144G 
indicating the internal functions as well as 
external circuitry and signals. The video 
input signal with negative-going sync is ap- 
plied to the input of the tapped delay line. 
Signals from fixed taps of the delay line are 
applied to terminals 1, 2, and 3 of the CA- 


CA3I44G 

TERMINALS 



92CS-281 10 

Fig. 4— Tapped delay line. 


3144G. In referring to Fig. 4, the signal 
from the delay line tap A is applied to the 
video input at terminal 1. The signals from 
taps B and C are summed where Va + Vg = 
V sum . The signal (V SU m) is then applied to 
the parallel connection of the peaking input 
terminals, 2 and 3. The video input signal is 
applied to a non-inverting input of the 
peaking amplifier while the peaking input 
signal (V sum ) is applied to an inverting input 
of the peaking amplifier. 

Low-frequency video components are un- 
attenuated, while high-frequency components 
are attenuated as a function of the delay-line 
tap points. The peaking amplifier is a dif- 
ferential amplifier, so that the output is pro- 
portional to Vi minus V sum . At low fre- 
quencies, the signal at terminals 2 and 3 is 
unattenuated, and the peaking amplifier pro- 
duces no output at these frequencies. How- 
ever, at high frequencies the signal at ter- 
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Fig. 3— Schematic diagram 


minals 2 and 3 is attenuated thus, the peaking 
amplifier output consists of high-frequency 
video. The peaking control setting determines 
the amplitude of the peaking signal which is 
then fed to the video amplifier, where it is 
added to the video input signal and amplified. 
The setting of the peaking control does not 
substantially affect the dc quiescent voltage 
at terminal 4. 

The low-impedance video amplifier output 
is at terminal 4. The signal is fed through an 
external coupling capacitor to terminal 6, 
the black-level clamp input. The action of 
the black-level clamp is such that it clamps 
to the black level rather than to the sync 
level. Refer to the circuit diagram in Fig. 1. 
Consider the situation where no signal is 
applied to terminal 12. Terminal 6 is biased 
through diode D3. The signal at terminal 6 
will clamp its most negative excursion (sync 
pulse) to the anode voltage of D3. However, 
if a positive pulse is applied to terminal 12 


during the sync interval, the anode of D3 is 
forced to ground due to saturation of Q13. 
The clamp is thus disabled, and terminal 6 
will clamp to the next lower signal level, the 
black level. 

The clamped video signal at terminal 6 is 
amplified and inverted at terminal 7. Blanking 
is accomplished by applying horizontal and 
vertical sync pulses to terminal 8. The pulses 
turn ON p-n-p transistor Q18 which shorts 
the base of transistor Q20 to the terminal 13 
supply voltage. The brightness control func- 
tion is accomplished by varying the voltage 
on terminal 9. The gain of the inverter stage 
remains constant, but the dc reference voltage 
follows the terminal 8 voltage. The contrast 
control function is accomplished by varying 
the voltage of terminal 10. Increasing the 
voltage on terminal 10 lowers the gain of the 
video amplifier. This reduction in gain does 
not substantially affect the dc quiescent 
voltage at terminal 4. 




CA3151G 

Single Chip TV Chroma 
Processor/Demodulator 

"G" Suffix Type - Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 

System Features: 

■ All chroma processing and demodulating 
circuitry on a single chip in a 24-lead 
plastic package 

■ Phase-locked subcarrier regeneration 
utilizing sample-and-hold techniques 

■ Supplementary ACC with overload detector 
to prevent over saturation of the picture tube 

■ Linear dc controls for chroma gain and tint 

■ Dynamic “flesh correction" — corrects 
purple and green flesh colors without 
affecting primary colors 

■ Balanced chroma demodulators with low 
output impedance for direct coupling 

■ Internal rf filtering 

■ Requires few external components 

■ Low system dissipation— nominal 0.5 W 


The RCA-CA3151G is a monolithic silicon 
integrated circuit that performs the com- 
plete chroma processor and demodulating 
functions for color TV. The single chip con- 
tains all the features of the CA3126 chroma 
processor and the CA3137 chroma demodu- 
lator. 

The CA3151G is supplied in the hermetic 
Gold-CHIP 24-lead dual-in-line plastic pack- 
age (G suffix). The transistor chips used in 
the hermetic Gold-CHIP plastic packages 
are of the sealed -junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. The semiconductor junc- 
tions are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly 
corrosion-resistant, terminal-connection sys- 
tem of unique design is employed. 

M AXI M UM R ATI N GS, Absolute-Maximum 
Values: 

DC SUPPLY VOLTAGE: 

Between Terms. 18 and 7 .... 13.2 V 

DEVICE DISSIPATION: 

UptoT A = 55°C 825 mW 

Above T A = 55 C Derate linearly o at 


Preliminary Data 

ELECTRICAL CHARACTERISTICS at T A * 25°C, V + = 11.6 V 


Above T A = 55 C . Derate linearly at 

8.7 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85 C 

Storage — 65 to +1 50° C 

LEAD TEMPERATURE (DuringSoldering) : 

At distance 1/16 ± 1/32 inch 

(1.59 ± 0.79 mm) from case o 

for 10 seconds max. +265 C 


CHARACTERISTIC 


STATIC (See Fig. 1) 

J— LJ i j _jJ r 1 1 

Supply Current, I j 

R-Y, G-Y, B-Y, Out- 
puts, V8,V9,V 10 
Oscillator Reference 
Inputs, V-| -),Vi 2 

Chroma Demodu- 
lator Input, V-J3 

Chroma Processor 
Input, V-j 

DYNAMIC (See Fig. 2) 

Minimum Oscillator 

Pull-In Range* V«| 2 2 1 1 
Oscillator Level, V-| 2 2 1 1 

100 Percent ACC, V 13 1 1 1 

Minimum Gain 
Control, V-J3 1 1 1 

50 Percent Gain 
Control, V-j 3 1 1 1 

200 Percent 

ACC, V 13 1 1 1 

20 Percent 

ACC,V 13 1 1 1 

Maximum Kill 
Output, V^3 111 546 

Minimum Unkill 
Output, V 13 1 1 1 

Overload De- 
tector (OLD), 

Vl3 

R-Y Sensitivity, 


TEST CONDITIONS 



Si S 3 Chroma In Burst In V 4 V -17 

VALUE 

UNITS 



42 

— 

mA 


1 1 2 546 mV n 




11.6 V 


20 

mV p-P 



6 V 


50 







% of 

546 mV p . p 



100 

100% 

ACC 






Value 

54.6 V p . p 



1 100 

; ... 


4mV p-p 


7 V 

: 

20 

mVn „ 


30 mV p . p 



400 

mv p-p 


R-Y Ratio B-Y/R-Y, 07 ~ mX/ 

** 2/3 mv n . n 

V 8 ** 12 10 pp 120 

G-Y Ratio G-Y/R-Y, % 

V 9 ** 12 1 33 

Max. R-Y 
Output, V-jQ 
Eg= 2V p.p, 

3.53 MHz 12 1 3 V p . p 

Minimum Tint 

Control Range, 0 V to 

013 111 273 mV p . p 11.6V 80 Degree; 

* Tune C 2 to 3,579,845 Hz with S-j in position 2. Put Sj in position 1 , and check for pull in. Repeat for 
frequency tuned to 3,579,245 Hz. For other tests, frequency tuned to 3,579,545 ± 10 Hz. 

*♦ All input levels up to 2 Vp. p . 
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Fig. 3 — Dynamic test circuit. 
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CA3153G 


Television Video IF System 


"G" Suffix Type -■ Hermetic Gold- 
CHIP in Dual-ln-Line Plastic Package 

The RCA-CA3153G is a monolithic sil ion 
integrated circuit designed to perform if 
amplification, video detection, and video- 
amplifier functions in color and monochrome 
TV receivers. Thesignal-to-noise performance 
has been improved compared to the RCA- 
CA3068*. The AGC performance has also 
been improved through the use of a sample 
and hold keyed system. The RCA-CA3153G 
is designed to interface with the RCA- 
CA3139# Automatic Fine Tuning (aft) cir- 
cuit, and intercarrier amplifier. 


* The CA3068 is described in RCA data bulletin 
File No. 467. 


The CA3153G is supplied in the hermetic 
Gold-CHIP 16-lead dual-in-line plastic pack- 
age (G suffix). The transistor chips used in 
the hermetic Gold-CHIP plastic packages 
are of the sealed-junction type designed to 
provide protection against the deteriorating 
effects of humidity and other surface con- 
taminants without the need for a hermetic 
package enclosure. The semiconductor junc- 
tions are sealed by utilizing a silicon nitride 
passivation layer. A multi-layered, highly 
corrosion-resistant, terminal-connection sys- 
tem of unique design is employed. 

# The CA3139 is described in RCA data bulletin 
File No. 905. 


System Features: 

■ Improved age 
Fast response 
Sample and hold keyed 

■ High gain wideband IF amplifiers 

■ Delayed age output for tuner 

■ Gain reduction with excellent stability 

■ Linear video detector 

■ Video amplifier 

■ Low noise 

■ Internal shunt regulator 

■ For color or monochrome 

■ Gold-chip metalization 


TERMINAL DIAGRAM 


KEY PULSE INPUT Q- 
AGC FILTER 0- 
Al INPUT®- TOP 

■-& 

CLAMP CAPACITOR (5>- 

Al OUTPUT. A2 INPUT ®- 

AGC DELAY ®- 

IF AGC BIAS ®- 


-0 VIDEO OUTPUT 
“®+Vs2 
-0 SUBST 
-@0ET.BIAS 
-®+V s , SHUNT REG. 
-0A3 INPUT a DET. 

TUNER AGC 
-0A2 OUTPUT 
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CA3153G 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 

Between Terms. 15 and 4 . . 16 V 

Between 470 12 connected to Term. 1 2 and 4 35 V 

DC SUPPLY CURRENT: 

At Term. 15 20 mA 

At Term. 12 30 mA 

DEVICE DISSIPATION: 

Up to Ta = +55° C 750 mW 


Above T A = +55° C . 


Derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -40 to +85 ‘C 

borage -65 to +150° C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265° C 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 1 

UNITS 

Min. 

Max. 

Operating Supply 
Voltage, V^g 

See Note 1 

12 

14.2 

V 

Supply Current, 1 5 


3 

15 

mA 

Shunt Regulator 
Voltage, V-J2 


10.9 

13 

V 

Shunt Regulator 
Current, 1 1 2 

V 12 = 10.5 V 

6 

20 

mA 

Tuner AGC High 
Voltage, V-jq 


18.5 

21 

V 

Tuner AGC Low 
Voltage, V-jq 


0.3 

1.3 

V 

AGC Current, I2 

Non-Keyed 

80 

500 

HA 

AGC Current (Peak), I2 

Keyed Source Current 

0.7 

3 

mA 

AGC Current (Peak), I2 

Keyed Sink Current 

150 

680 

PA 

Horizontal Key Input 

Through 1 00 k!2 
connected to Term. 1 

25 

35 

V 

Video Output High 
Voltage, Vjg 

At Zero Carrier 

7 

10 

V 

Video Output Low 
Voltage, V^g 

At 30 mV Input 

0.9 

2 

V 

Sensitivity Voltage, V-|g 

At 400 ii\J Input 

0.9 1 

5 

V 

Noise 



12 

mV (RMS) 

Chroma 

45.75 MHz, 10 mV; 
42.17 MHz, 3 mV 

0.7 

1.6 

v (RMS) 

AFT Drive 


35 

85 

mV (RMS) 

Distortion 

50 kHz, 80% Modulated, 
Sync TIP Equiv. 30 
mV (RMS) 

_ 

10 

% 

Delay Voltage 

Through 15kn connected 
to Term. 7. See note 2 

0 


V 


Note 1 : V 15 MIN. should be at least 0.6 V above Terminal 12 potential. Lower voltage may cause some 
"white" compression. 

Note 2: Zero voltage corresponds to maximum delay at signal input = 30 (RMS). 
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Fig. 2 — Schematic diagram for the CA31536. 


AGC System (See Fig. 3) 

The AGC system employs a sample-and-hold 
system to allow a fast-acting age and reduce 
the effect of the vertical synchronizing signal 
on the video output stage. An override path 
is provided to allow a lower-gain age system 
when the key pulse is not locked to the sync 
signal (for example, during channel selection). 

The negative-going sync signal at the video 
output. Terminal 16, is applied to transistor 
Q41 through resistors R51 and R52 which 


act as current-limiting and filtering compo- 
nents. The sync signal is inverted and ampli- 
fied by transistor Q41. The video portion of 
the signal is cutoff by the saturation voltage 
of Q41. When the TV system is in synchroni- 
zation, the positive sync pulse at the collector 
of Q41 is coincident with the key input at 
Terminal 1, Transistor Q42 is turned off by 
the key pulse. Capacitor Cl 3 is charged by 
the positive sync pulse through diode D9. 
The amplitude of the potential at Cl 3 is pro- 
portional to the video-signal amplitude. The 
voltage is transfered through transistors Q40, 
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THIRD IF - AMPLIFIER STAGE .DETECTOR, 

AND VIDE O-AMPLIFIE R SYSTEMS 

|qI 6— -Q3l| 

QI6, 17, 19.21,22,25,27,30, AND Q3I ARE EMITTER FOLLOWERS 



Fig. 2 — Schematic diagram for the CA3153C. 


Q38, Q36, and Q35 to resistor R57 to form 
the charge current for the external age filter 
capacitor at Terminal 2. 

A constant-current discharge path for the 
capacitor at Terminal 2 is provided by cur- 
rent mirror components D7 and Q37 during 
the key-pulse duration. Thus the external 
age filter capacitor is charged or discharged 
during the key-pulse interval only by the dif- 
ference in current between the charge- and 
discharge currents. At the end of the key- 
pulse duration. Cl 3 is discharged, and the 


charge and discharge current paths at Ter- 
minal 2 are turned off. Diode D8 provides a 
lower-gain age path for turn-on during chan- 
nel acquisition. 

Noise-Gate System (See Fig. 3) 

The circuit components, C11, R54, Q32, 
Q33, and Q43 perform the function of a sta- 
tistical system to reduce age gain during 
"spike” noise. The noise gate turns on for 
large amplitude fast signals and reduces the 
age loop gain. 
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Fig. 5 - Third IF-amplifier stage , detector, and video-amplifier systems of CA3153G (Q16 -► Q31). 



CA3I59G Preliminary Data 

Horizontal Processor and AGC Detector 


The CA3159G is a monolithic integrated cir- 
cuit designed for use as a horizontal processor 
and AGC detector in color or black-and-white 
TV receivers. It performs the functions of 
AGC, sync separation, and noise immunity, 
and a 31 .5 kHz oscillator is provided for use 
with vertical-countdown circuits. 


TheCA3159G is supplied in a 16-lead dual-in- 
line plastic package with a hermetic "Gold- 
CHIP" (G suffix). These chips are of the 
sealed-junction type designed to provide pro- 
tection against the deteriorating effects of 
humidity and other surface contaminants 
without the need for a hermetic package 
enclosure. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE +30 V 

DC SUPPLY CURRENT 30 mA 

DEVICE DISSIPATION: 

Up to T A = 55°C 750 mW 

Above T A = 55°C Derate linearly at 7.9 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage —65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) 

from case for 10s max +265 C 

ELECTRICAL CHARACTERISTICS at T A = 25°C, V + = 28 V, all switches open unless 
otherwise specified. (See Fig. 2) 

CHARACTERISTIC TEST CONDITIONS MEAS VALUES UN,TS 

AGC Voltage SI, S9 closed 1 1.85 V 

Noise Inverter 1 S2, S9 closed 1 0.7 V 

Shift Threshold 1 S2, S3 closed 1 20 V 

Sync Level SI, S9 closed 4 18 V 

Positive Pulse 2 S5 closed 7 25 V 

Positive Sawtooth^ S5, S6 closed 8 3V 

Sync Low S3, S4 closed 6 1.5 V 

Supply Current 16 20 mA 

Free-Running Freq. 4 S7,S8,S9 closed 15 31.5 kHz 

Duty Cycle S7,S8,S9 closed 15 48 % 

1 . A = 3 V, B = 1 .2 V, — 1 mA to term. I 3. C = 0.2 mA, D = 5 mA 

2. C= 0.2 mA 4. Adjust LI, V + = 20 V 


TEST CONDITIONS 

TERM. 

MEAS. 

TYPICAL 

VALUES 

SI, S9 closed 1 

1.85 

S2, S9 closed 1 

0.7 

S2, S3 closed 1 

20 

SI, S9 closed 

4 

18 

S5 closed 

7 

25 

S5, S6 closed 

8 

3 

S3, S4 closed 

6 

1.5 


20 

S7,S8,S9 closed 

15 

31.5 

S7,S8,S9 closed 

15 

48 


3. C = 0.2 mA, D = 5 mA 

4. Adjust LI, V + = 20 V 


470 <82kfl t 0.33 fif 

b it ' '/* 
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PULSE J L (?) 
8Vp-p W 


Fig. 1 — Functional block diagram of CA3159G. 


Features: 

■ AGC voltage 

■ Separated sync 

■ 31.5 kHz oscillator 

■ Gates AGC and sync for noise immunity 
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Fig. 2 - DC test circuit. 
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Circuit Description 

The negative sync video input at terminal 3 
is the detected video if. This video signal is 
buffered and Vb e compensated by emitter- 
followers Q28, Q27, and Q26. The buffered 
video signal is applied between the base 
of Q21 and a temperature-stable 2 -V refer- 
ence. Q21 is normally in saturation, and the 
negative sync pulse imparts a positive swing 
to the base of Q20. Q20 is used as a peak 
rectifier driving a capacitor at terminal 1. 
The voltage at terminal 1 is the AGC control 
voltage that sets the if gain such that the sync 
pulses drop to just below the 2 V level, driving 
Q21 out of saturation. 

The above description is for a normal video 
signal; the presence of noise pulses more 
negative than the sync tip level would lower 
the gain to that level, thus disturbing the 
picture. A gated noise-inversion threshold 
is provide at the base of Q32 to compensate 
for these noise pulses. The threshold is about 
1.5 V during trace time, but is reduced to 
about 1 V during coincidence of the sync 
and flyback pulses. When the video signal 
is more negative than the noise threshold, 
Q32 conducts and pulls the base and emitter 
of Q30 low. Without noise, Q23 conducts 
0.5 mA with its collector at 7 V, which holds 


Q22 in cutoff. Q29 has an emitter load 
provided by an external 1 k£2 resistor and a 
series capacitor: when its base is switched 
low, its collector switches high. The resulting 
flow of current in Q23 overrides the normal 
negative-going pulse in the direct signal path 
and holds Q21 in saturation. 

The video input to terminal 3 also operates 
the sync channel, beginning with Q31. Be- 
cause Q32 is normally cutoff, Q31 acts as an 
amplifer with a moderate gain to its collector, 
and a positive sync signal appears at terminal 4. 
If the noise pulse is more negative than the 
noise threshold at the base of Q32, the base of 
Q30 is pulled down as discussed above. In 
addition to operating the AGC noise inverter, 
the Q30 current passes through Q25 to the 
amplifier load resistor, R35, and cancels the 
potentially positive pulse at that point. 

The positive sync signal at terminal 4 is 
coupled through an RC network to terminal 
5 for sync separation. In essence, the network 
permits Q38 to clamp the positive peaks, so 
the most positive part of the signal is ampli- 
fied by Q38 while the rest is beyond cutoff. 
The separated sync, a negative pulse at the 
collector of Q38, follows two paths. First, 
the sync operates an output driver to terminal 


CA3159G 

6, which drives the outboard diode phase 
detector. Second, the negative pulse cuts off 
the current through Q36, which otherwise 
holds Q35 in saturation, thus enabling a 
current in R41 to turn Q34 on and thereby 
shift the noise threshold voltage. 

Terminal 7 receives a positive flyback pulse 
that supplies R41 with the signal to complete 
the coincidence gate that alters the noise 
threshold when sync and flyback pulses are 
in phase. The buffered and clipped flyback 
pulse also turns Q43 on, which, in con- 
junction with an external integrating ca- 
pacitor, forms a sawtooth waveform. This 
sawtooth (at flyback rate) is phase compared 
with the sync pulse that was separated from 
the video input. 

The phase detector works against an internal 
bias point brought out to terminal 10, and 
the phase detector output applied to terminal 
11 is slightly positive or negative relative to 
terminal 10. This voltage differential with 
terminal 1 0 determines the division of current 
between Q9 and Q10, which are part of the 
voltage controlled oscillator. The oscillator 
consists of the current source Q11, differ- 
ential amplifier Q12 and Q13, and differ- 
ential amplifier Q9 and Q10. The frequency 
is determined primarily by a series LC circuit 
connected between terminals 13 and 14 
(terminals 12 and 13 have resistor loads to 
the positive supply). If the entire oscillator 
current passes through Q10 to terminal 13, 
the oscillator operates at the frequency at 
which the phase shift in the LC circuit is 
zero. If the current is sent through Q9 to 
terminal 12, however, it must go through an 
external capacitor between terminals 12 and 
13 and then through the original LC circuit 
and the circuit is tuned differently. Inter- 
mediate proportions of current division will 
produce intermediate oscillator frequencies. 
The oscillator current output from Q12 
provides base drive for the 31.5 kHz output 
at terminal 15. 
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Preliminary Data 


VHF/UHF Prescaler 


The RCA-CA3163G* is an integrated-circuit 
prescaler intended for use in TV frequency 
synthesis tuning systems over an input fre- 
quency range of 90 to 1000 MHz. It per- 
forms division by 256 in the uhf mode and 
division by 64 in the vhf mode. 

The mode of operation can be selected by 
means of the bandswitch and the separate 
uhf and vhf input terminals provided. The 
output is a complementary emitter-coupled 
stage with controlled slew rate for har- 
monic suppression. 

All input terminals should be ac coupled to 
the appropriate input signal source. Because 
of high sensitivity, unbuffered coupling from 
the local oscillator is possible in most cases. 
In the uhf mode, which is activated by 
applying a high level to the bandswitch 
input terminal, all eight divider stages are 
operative, resulting in division by 256. In 


the vhf mode, activated by a low level at 
the vhf input terminal, two divider stages 
are bypassed, resulting in division by 64. As 
a result, approximately the same range of 
output frequencies are generated for both 
the uhf and vhf TV bands. An internal 
amplifier/multiplexer provides this control 
while isolating both inputs and amplifying 
the vhf signal. In addition, harmonic output 
is reduced above 40 MHz by limiting output 
signal rise and fall times and maintaining a 
balanced load. 

The CA3163G is supplied in the 14-lead 
dual-in-line hermetic Gold-CHIP package. 
The chips used are of the sealed-junction 
type designed to provide protection against 
the deteriorating effects of humidity and 
other surface contaminants without the 
need for a hermetic package enclosure. 

* Formerly RCA Developmental No.TA10535. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 

DC BANDSWITCH VOLTAGE 

RMS INPUT VOLTAGE . . 

DEVICE DISSIPATION: 

UP TO T A = 70° C 

ABOVE T a = 70°C 

AMBIENT TEMPERATURE RANGE: 

OPERATING 

STORAGE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH (1 .59 ± 0.79 MM) 
FROM CASE FOR 10 SECONDS MAX 


5.5 V 

20 V 

0.5 V 

600 mW 

derate linearly at 7.5 mW/ C 

0 to 70 °C 

. . . -55 to +150 °C 


+265 °C 


Features: 

■ Broadband operation — 90 to 1000 MHz 

■ High sensitivity 

■ Standard 5 V power supply 

■ Dual mode operation - VHF/UHF 

■ Complementary ECL outputs 

■ Independent VHF & UHF input terminals 

■ Hermetic Gold-CHIP construction 



v+ 



Fig. 1 - DC characteristics test circuit. 



92C3- 30476 

Fig. 2 — AC characteristics test circuit. 
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ELECTRICAL CHARACTERISTICS At T A = 25°C, V + = 5 VDC, V~ = 0 VDC; see Figs. 1 & 2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS | 

UNITS 

Min. 

Typ. 

Max. 

Supply Current, l + 

Terms. (1+2), Fig. 1 

30 

60 

90 

mA 

UHF Bandswitch Input Voltage, Vg|_j 

High level 

2.4 

- 


V 

VHF Bandswitch Input Voltage, Vg|_ 

Low level 

- 

- 

0.8 

V 

UHF Bandswitch Input Current, lg^ 

Vgm = 20 VDC, Fig. 1 

- 

- 

0.5 

mA 

VHF Bandswitch Input Current, 1 g l 

V BL = 0VDC, Fig. 1 

- 

- 

-1 

mA 

UHF Sensitivity Level Input 
Voltage, Vj N (U) 

f )N = 450 to 950 MHz, 
*OUT = f IN/ 256 ' f '9-2 

— 

_ 

80 

mVRMS 

VHF Sensitivity Level Input 
Voltage, V, N (V) 

f , N = 90 to 275 MHz, 
f OUT = f IN /64 ' Fi 9- 2 

I 

_ 

40 

mVRMS 

Output Voltage, Vq 

Terms, 4 or 5, Fig. 2 

0.65 

1 

- 

V P-P 

Output Voltage Rise of Fall 
Time, t r ,tf 


— 

70 

- 

ns 
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CA3166E 


Preliminary Data 


Operational Amplifier Bandswitch 

BiMOS input operational amplifier, frequency band- 
select switch, and AFT mode switch 

For Frequency-Synthesizer Television Tuning Systems 


Features: 

■ Three independent functions — input operational 
amplifier, AFT mode switch, and band-select switch 

■ Input operational amplifier has internal biasing 
circuitry and high-impedance PMOS input transistors 

■ Internal diode clipper limiting at operational amplifie 
inputs and short-circuit protection at the outputs 

■ Static charge protection for both PMOS and CMOS 
circuit components 


The RCA-CA3K56E incorporates bipolar, 
PMOS, and CMOS processes on a single 
monolithic chip to provide three functional 
blocks for use in frequency-synthesizer type 
TV tuners. Included are an input operational 
amplifier, a band-select switch, and an AFT 
mode switch. 

The operational amplifier features internal 
bias and phase compensation, high-impedance 
PMOS input transistors, diode clipper input 
limiting, output short-circuit protection, and 
static charge protection. The operational 
amplifier is used to amplify an error signal 
that is proportional to the detected phase 


difference between the desired channel fre- 
quency and an internally generated reference 
signal. 

The band-select switch has two logic inputs, 
a control voltage input, and three outputs 
(UHF, VHF Low, VHF High) with a drive 
capability of 90 mA each, for controlling 
the tuner varactor diodes. 

The AFT mode switch is a CMOS trans- 
mission gate with static charge protection 
and an enable logic input for selecting the 
"AFT ON" or "AFT DEFEAT" mode. 

The CA3166E is supplied in the 14-lead 
dual-in-line plastic package. 


■ AFT mode switch utilizes CMOS trans- 
mission gate and enable logic inputs control 
AFT mode 

■ Logic-controlled band-select switch 

■ Three band-select-switch outputs, each with 
90-mA drive capability (typ.) at input 
voltage up to 28 V dc 

■ High voltage-rating for wide dynamic 
control range of error signals and switch 
functions 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, V+ • . . +29.5 to +35 V 

DIFFERENTIAL INPUT VOLTAGE ±1 .5 V 

DC SUPPLY CURRENT l + 20 mA 

BAND-SELECT SWITCH INPUT VOLTAGE RANGE, V BS 0 to +28 V 

DEVICE DISSIPATION: 

Up to +70° C 600 mW 

Above +70°C Derate linearly at 11.1 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating 0 to +70 C 

Storage -55to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 

10 seconds max +265°C 


Bandswitch Truth Table 


LOGIC 

INPUTS 

OUTPUTS 

UHF 

VHF 

LOW 

VHF 

HIGH 

A 

B 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 



CA3166E TERMINAL ASSIGNMENT 


OP AMP OUTPUT Q— 
LOGIC INPUT, /=\_ 
AFT ENABLE W - 
aft output CD- 
aft input CD- 
ground <§y- 

BANDSWITCH OUTPUT, /S\ 
VHF HIGH 

BANDSWITCH OUTPUT ©— 
VHF LOW L 


INV. OP. AMP. INPUT 
-® NON-INV. OP AMP INPUT 
-0 V + 

—(D LOGIC "B“ BANDSWITCH INPUT 
-<j0) LOGIC “A" BANDSWITCH INPUT 
—CD BANDSWITCH OUTPUT, UHF 
—(D BANDSWITCH INPUT 
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Operational Amplifier (See Fig. 2) 

Electrical Characteristics at = 25°C < V— = 32.5 V, Vgg = 18 V, Terms 4 & 5 grounded 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Input Bias Voltage, 

1 13 = 4 mA, Feedback = 1 M£2 

2.5 

< 

O 

0 

Input Bias Voltage, V-jg 

1 13 = 6 mA, Feedback = 1 MH 

2.6 

V DC 

Input Bias Voltage, V-j^ 

1 1 4 = 4 mA, Feedback = 1 

3.3 

V DC 

Diode Voltage 

(term. 14 to term. 13) 

1 1 4 = 4 mA, Term. 13 = Reference 

0.8 

V DC 

Diode Voltage 

(term. 1 3 to term. 14) 

1 13 = 4 mA, Term. 14 = Reference 

0.8 

0 

Q 

> 

Output Voltage 
Low, Vq|_ 

1 14 = 4 mA, Resistance between 
Terms. 1 and 12 = 10 kH 

0.2 

V DC 

Output Voltage 
High, Vqh 

V 14 = 0 V, 1 1 3 = 4 mA, Resistance 
between Terms. 1 and 12 = 10 k£2 

28 

V DC 

Input Offset Voltage, Vjq 

Vi 3 = 0V,Term. 1 connected to Term. 14 

10 

mV 

Supply Current, l + 

V 4 = 1 V, Feedback (Terms. 1 to 14) = 1 MH 

14 

mA 

Output Sink Current, Iq|_ 

1 1 4 = 4 mA, V-, =32.5 V 

25 

mA 

Output Source Current, 1 

1 1 3 = 4 mA, Vi = V M = 0V 

-15 

mA 

Input Bias 

Current, l (B (term. 14) 

V 13 = 0 V, Term. 1 
connected to Term. 14 

0.5 

nA 

Common-Mode 

Rejection Ration, CMRR 


65 

dB 

Power Supply Rejection 
Ratio, PSRR 


75 

dB 

Open-Loop Voltage 
Gain, Aq|_ 


80 

dB 


Band-Select Switch (See Fig. 3) 

Electrical Characteristics at = 25°C, V + = 32.5 V, Vgg = 18 V, Terms. 4 & 5 grounded 
Terms. 6, 7, 9 = 100 k$2 to ground 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Logic Inputs "A" & ''B'' 
Sink Current 


100 

AzA 

Logic Inputs "A" & "B" 
Source Current 

lg = -90 mA, Viq = V n = 2.4 V 

-5 

ma 

Output Leakage Current, 
Terms. 6, 7, 9 


2 

AzA 

Output Saturation Voltage: 
Term. 9 

lg = —90 m A, Vi o = Vi 1 = 2.4 V 

0.6 

V 

Term. 9 

lg = -60mA, V 10 = Vn =24 V 

0.3 

V 

Term. 7 

l 7 = -90mA, V 10 = 0V,Vn = 24 V 

0.6 

V 

Term. 7 

l 7 = —60 mA, V 10 = 0 V, Vi 1 = 2.4 V 

0.3 

V 

Term. 6 

l 6 = -90 mA, V 10 = 2.4 V, Vi 1 = 0 V 

0.6 

V 

Term. 6 

l 6 = -60 mA, V 10 = 24 V, Vi 1 = 0 V 

0.3 

V 


CA3166E 
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AFT Mode Switch 

Electrical Characteristics at = 25°C, V + = 32.5 V, Vgg = 18 V, Terms. 5, 10, 11 grdunded 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Logic Input Current Low 

v 2 = 0 V, RjERM. 3 = 10 Mft,v 4 = 13.5 V 

-100 

*iA 

Logic Input Current High 

V 2 = 2.4 V, RjeRMS. 3 = 1 k ^' v 4 = 1 v 

2 

JiA 

Input Current 

V 2 = 0 V, R TERM 3 = 10 ML2, V 4 = 13.5 V 

2 

/iA 

Output Leakage Current 

V 2 = 0.6 V, V 3 = 8 V, V 4 = 0V 

1 

nA 

Output Sink Current 

V 2 = 2.4 V, V 3 = 1.8, V 4 = 0V 

2 

mA 

Output Offset Voltage 

V 2 = 2.4 V, V 4 = 3 V 

0.1 

V 

Output Voltage, "ON” 

V 2 = 2.4 V, RjERM. 3 = 1 kft, V 4 = 1 V 

0.8 

V 

Output Voltage, "ON" 

V 2 = 2.4 V, Rjerm. 3 = 1 kf2, V 4 = 13.5 V 

10 

V 



Fig. 3 — Bands witch test circuit. 



Fig. 2 - Operational amplifier test circuit for CMRR, PSRR, and A q L . 



Fig. 4 — Block diagram of a typical digital tuning system. 


Turner Operation 

Fig. 4 shows a typical digital TV tuning 
system employing the CA31 66E. This system 
consists of a phase-locked loop (PLL) and a 
programmable divider to generate a tuner 
local-oscillator frequency that is an integral 
multiple of a reference-oscillator frequency. 
The output of the local oscillator is con- 
nected to a prescaler (CA3163) which divides 
the frequency to values that can be proces- 
sed by a programmable divider. The amount 
of division is established by the control logic 
and depends on the desired channel to be 
viewed. This signal and a reference signal are 
combined in a phase detector to produce an 
error signal proportional to the frequency 


separation. The error signal is then amplified 
by the CA3166E and filtered to provide a dc 
voltage to the varactors of the tuner voltage- 
controlled oscillator (VCO). The VCO fre- 
quency is thus corrected to reduce its 
difference with the reference. 

Logic-control signals are applied to terminals 
10 and 11 (band-select switch) of the 
CA3166E, and the proper varactor circuits 
for UHF, low-band VHF, or high-band VHF 
are selected. The truth table for the selection 
logic is shown on page 3. 

An analog switch for AFT operation is in- 
cluded in the CA3166E for automatic cor- 
rection of frequency transmission errors. 
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Preliminary Data 


CA3168E 


2-Digit BCD-to-7-Segment 
Decoder/Driver 


For Common-Anode LED Displays 

The RCA-CA31 68E is a monolithic integrated 
circuit intended for 2-digit display such as 
"numbers" for TV and "CB" channel se- 
lection, and other 0-99 numerical or counting 
for consumer or industrial indicator appli- 
cations. It consists of two independent 
BCD-to-7-segment decoder/drivers. Two sets 
of BCD inputs are buffered with p-n-p 
differential amplifier stages internally re- 
ferenced to 1.7 V. Each of the eight input 
terminals draws less than 15 fiA and is pro- 
vided with an internal protection circuit. 


Decoding is accomplished with |2|_ ROM's. 
The fourteen output terminals are buffered 
with Darlington pairs driving common-emitter 
output transistors. Each output is capable of 
sinking 25 mA for an LED common-anode 
display device. The supply-voltage range 
(Vqq) is intended to be 4.5 V to 6 V. The 
output voltage (Vq) must not exceed 12 V, 
which provides for a wide range of common- 
anode voltage sources. 

The CA3168E is supplied in the 24-lead 
dual-in-line plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY-VOLTAGE, V cc 6 V 

INPUT-VOLTAGE (MIN./MAX.) -0.3/V cc V 

INPUT CURRENT (PROTECTION CIRCUIT) ±10 mA 

OUTPUT VOLTAGE, V Q 12 V 

OUTPUT SEGMENT CURRENT l D)S p LAY .25 mA 

AMBIENT TEMPERATURE RANGE: 

Operating 0 to +70°C 

Storage — 55to+150°C 

POWER DISSIPATION: 

Upto+70°C 400 mW 

Above +70° C derate linearly at 8.7 mW/°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 

10 seconds max. . . +265°C 


Features: 

■ Separate BCD inputs and segment outputs for 
each digit 

■ Input loading less than 15 fiA 

■ I^L logic with buffered inputs and outputs 

■ Internal input overrange protection circuit 

■ 5-V supply operation 

■ Internal biasing circuits 

■ Output drive capability of 25 mA per segment 

■ Open collector outputs drive indicators directly 


CA3168E 

TERMINAL ASSIGNMENT 



TOP VIEW 
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CA3168E 


TYPICAL ELECTRICAL CHARACTERISTICS at V cc = 5 V, V-, = GND, 
v Disp. = 12 V, and Ta = 25°C, See Fig. 2 
Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Voltage High, V|j_) 


2.4 

5 

V CC 

V 

Input Voltage Low, V||_ 


0 

- 

0.6 

V 

Input Current High, l||_| 

All BCD Inputs = 5 V 

- 

- 

15 

/iA 

Input Current Low, l||_ 

All BCD inputs = 0 V 

-10 

- 

- 

liA 

On-State Output Voltage, Vql 

'O(Sink) =25mA 

- 

- 

1 

V 

Off-State Output Current, Iqh 


- 

5 

50 

/iA 

Power Supply Drain Current, Iqq 

V CC = 6 V 

- 

17 

25 

mA 

Input Capacitance, C| 


- 

5 

- 

pF 


TRUTH TABLES 


Most Significant Digit (MSD) 


INPUTS 

OUTPUTS 

DISPLAY 

A 

B 

c 

D 

a 

b 

c 

d 

e 

f 

g 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

D 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

i 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

3 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

H 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

5 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

6 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 


0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

C 

1 

0 

1 

1 

0 

0 

0 

1 

0 

0 

0 

R 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

P 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

0 

E 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

BLANK 


Least Significant Digit (LSD) 


INPUTS 

OUTPUTS 

DISPLAY 

A 

B 

c 

D 

a 

b 

c 

d 

e 

f 

9 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

D 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

3 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

H 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

5 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

E 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

3 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

H 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

J 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

1 

L 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

F 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

BLANK 
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CA3170G 


TV Chroma System 

"G" Suffix Type-Hermetic Gold-CHIP in. 
Dual-In-Line Plastic Package 

The RCA-CA3170G is a monolithic silicon 
integrated circuit that performs the func- 
tions of subcarrier regeneration, ACC and 
APC detection, and tint control in color tele- 
vision receivers. It is designed to function 
compatibly with the CA3121E TV Chroma 
Amplifier/Demodulator in a 2-package 
chroma system. 

MAXIMUM RATINGS, Absolute-Maximum: 
DEVICE DISSIPATION:* 

Up to T A = 55°C 

Above T A = 55 C 

AMBIENT-TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) 
from case for 10 s max. 


The CA3170G is a TV Chroma System of 
advanced design that incorporates all the fea- 
tures of the CA3070E but with the added 
advantage of the modified Hue Control Char- 
acteristic. With the CA3170G, the designer 
can provide a front panel hue control that 
functions linearly over its entire range, a 
particularly desirable consumer feature. 


750 mW 

derate linearly 7.9 mW/°C 

—40 to +85°C 

—65 to +150°C 

+265°C 




Fig. 2 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3170G and CA3121E. 


Features: 

■ Voltage-controlled oscillator 

■ Keyed APC and ACC detectors 

■ DC hue control 

■ Shunt regulator 


The CA3170G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 
Gold-CHIP (G suffix). The chips used in the 
hermetic Gold-CHIP plastic packages are of 
the sealed-junction type designed to provide 
protection against the deteriorating effects 
of humidity and other surface contaminants 
without the need for a hermetic package 
enclosure. The semiconductor junctions are 
sealed by utilizing a silicon nitride passivation 
layer. A multilayered, highly corrosion- 
resistant, terminal-connection system of 
unique design is employed. 


CIRCUIT DESCRIPTION 

TheCA3170G, is a complete subcarrier re- 
generation system with automatic phase con- 
trol applied to the oscillator. An amplified 
chroma signal from the CA3121E is applied 
to terminals No. 13 and No. 14, which are 
the automatic phase control (APC) and the 
automatic chroma control (ACC) inputs. 
APC and ACC detection is keyed by the hor- 
izontal pulse which also inhibits the oscilla- 
tor output amplifier during the burst interval. 
The ACC system uses a synchronous detec- 
tor to develop a correction voltage at the 
differential output terminal Nos. 15 & 16. 
This control signal is applied to the input 
terminal Nos. 1 & 16 of the CA3121E. The 
APC system also uses a synchronous detec- 
tor. The APC error voltage is internally 
coupled to the 3.58 MHz oscillator at bal- 
ance; the phase of the signal at terminal No. 
13 is in quadrature with the oscillator. 
To accomplish phasing requirements, an RC 
phase shift network is used between the 
chroma input and terminal Nos. 13 and 14. 
The feedback loop of the oscillator is from 
terminal Nos. 7 and 8 back to No. 6. The 
same oscillator signal is available at terminal 
Nos. 7 and 8, but the dc output of the APC 
detector controls the relative signal levels at 
terminal Nos. 7 or 8. Because the output at 
terminal No. 8 is shifted in phase compared 
to the output at terminal No. 7, which is ap- 
plied directly to the crystal circuit, control 
of the relative amplitudes at terminal Nos. 7 
and 8 alters the phase in the feedback loop, 
thereby changing the frequency of the 
crystal oscillator. Balance adjustments of dc 
offsets are provided to establish an initial no- 
signal offset control in the ACC output, and 
a no-signal, on-frequency adjustment 
through the APC detector-amplifier circuit 
which controls the oscillator frequency. The 
oscillator output stage is differentially 
controlled at terminal Nos. 2 and 3 by the 
hue control input to terminal No. 1. The hue 
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CA3170G 

ELECTRICAL CHARACTERISES, at T ^ = 25°C and V + = +24 V unless otherwise specified phase shift is accomplished by the external 

R, L, and C components that couple the 
oscillator output to the demodulator input 
terminals. TheCA3170G includes a shunt 
regulator to establish a 12-volt dc supply. 


Static Characteristics 


Dynamic Characteristics (See Figure 6) 


NC* NO CONNECTION 

92CS-27693 


Fig. 4— Terminal diagram of the CA3170G. 


DYNAMIC TEST PROCEDURE 

1. With S2 in "OFF'' position, short termi- 
nals 11 and 12. Then with SI in 1 posi- 
tion, adjust CX for a frequency of. 
3.579545 MHz ± 5 Hz. Measure the 
frequency using the frequency counter or 
by zero beat indication on the oscillos- 
cope. 

2. Remove short from terminals 11 and 12, 
and adjust "APC" control for zero beat 
on the oscilloscope. With S2 in "ON" po- 
sition, pattern on oscilloscope must lock. 

3. With S2 in "OFF" position adjust "ACC" 
control to give output reading of 0 ± 2 
mV between terminals 15 and 16. Then 
with S2 in "ON" position, read "ACC" 
output. 

4: Example of pull-in testing to ± 200 Hz: 
With S2 in "OFF" position, adjust CX 
for frequency of 3.579545 + 200 Hz. 
Then with SI in position 1 and S2 in 
"ON" position, pattern on oscillos- 
cope must lock. 

5. Repeat Step 4 with CX adjusted to - 200 
Hz. 

Fig. 5 — Dynamic characteristics test circuit 


Oscillator Outputs: 
Terminal No. 2, V2 

Si in position 1 

0.75 

1.0 

- 

Vp.p 

Terminal No. 3, V3 

Si in position 2 

0.75 

1.0 

- 

ACC Detected Output 
V16-V15 

Si in position 1 

115 

150 

- 

mV 

Oscillator Pull- 
In Range 

Si in position 1 

- 

±400 

- 

Hz 



Voltage: 

Hue Control, Vi 

See Fig. 7 





Oscillator Input, Vg 


Si CLOSED 
S3 OFF; 

_ 

2.6 

_ 


APC Input, V13 


- 

5.4 

- 

V 

Regulator, V10 

V + = 21 V 

S2, S4, S5 
OPEN 

11 

12.3 

13.5 


Regulator Change, V 1 q 

V + = 27 V 

See Fig. 8 

-0.2 

- 

+0.2 


Horizontal Key 
Input, V4 

I4 = -10 /tiA 


5 

- 

- 


Currents: 

Oscillator Output, I2 

Si,S 2 , S 4 , S 5 CLOSED, 

S3 in position 2, See Fig. 8 

- 

5.8 

- 

mA 

APC Output, li 1, 1 12 

Si, S5 OPEN, S2, S4 CLOSED, 

_ 

1.45 

_ 

ACC Output, I15, Ii6 

S3 in position 1, See Fig. 8 

- 

1.45 

- 




CHARACTERISTICS 

SPECIAL TEST CONDITIONS 

LIMITS 

CA3170G 

UNITS 



MIN. |TYP. |MAX. 



418 












CA3172G 

TV Chroma Demodulator 


The RCA-CA3172G is a monolithic silicon 
integrated circuit intended for use as a 
chroma demodulator in TV applications. 
It is operated from a 24-volt supply. 

The device has synchronous detectors with 
matrix circuits to achieve the R-Y, G-Y, 
and B-Y color-difference output signals. 
The chroma input signal is applied to termi- 
nal Nos. 3 and 4, while the oscillator injec- 
tion signal is applied to terminal Nos. 6 and 


7. The color-difference signals, after matrix, 
have a fixed relationship of amplitude and 
phase. 

The outputs of the CA3172G are suitable for 
driving high-level color-difference or R, G, 
and B output amplifiers. The emitter-follower 
stages used to drive the high-level color am- 
plifiers have short-circuit protection. 
TheCA3172Gis supplied in a 14-lead dual- 
in-line plastic package. 


MAXIMUM RATINGS, Absolute Maximum-Values at T A = 25° C 


DC SUPPLY VOLTAGE (Terminal 8 to Terminal 14) 

REFERENCE INPUT VOLTAGE 

CHROMA INPUT VOLTAGE 

DEVICE DISSIPATION: 

• Up to T A = +70° C 

Above T A = +70° C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At distance 1/32 in. (3.17 mm) from seating plane for 10 s max. 


27 V 



530 mW 

Derate Linearly at 6.7 mW/°C 

-40 to +85° C 

-65 to +150°C 

+265° C 


ELECTRICAL CHARACTERISTICS, at T A = 25° C and V+ = +24 V unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST 
CONDITIONS 

LIMITS 

CA3172G 

UNITS 




MIN. 

TYP. 

MAX. 



Static Characteristics 3 


Supply Current 
With Output Loads 

'T 

Si Closed 

16.5 

- 

28.5 

mA 

With No Output Loads 


Si Open 

- 

9 

- 

G-Y, R-Y, B-Y Outputs 

V 9 v 11‘ v 13 

Si Closed 

13 

14.5 

15.5 

V 

Chroma Inputs 

v 3 .v 4 

Si Open 

- 

3.6 

- 

Reference Subcarrier 

V 6* v 7 

Si Open 

- 

6.4 

- 


Dynamic Characteristics 6 


Demodulator Unbalance 

v 9- v n> v 13 

0 

11 

> 

11 

CO 

> 

- 

- 

0.6 

v p-p 

Maximum Color Differ- 
ence Output Voltage 

V13 

V 3 = V 4 = 0.35 Vp.p 

5 

- 

- 

V P-P 







Chroma Input Sensitivity 

v 3 

Adjust e c for 5.0 
Vp_ p @ term No. 

- 

0.2 

0.35 


R-Y Output Ratio 

V11 

- 

0.95 

- 


G-Y Output Ratio 

v 9 

13 (B-Y) 

- 

0.32 

- 


Vqc Difference 

IVgMVnl 






Between any two 

IV9I- 1V 13 | 

0 

11 

0 

0) 

- 

- 

0.6 

V 

Output Terminals 

IVi 1 1 - IV 1 3 | ' 






Input Impedance 

Rj6, 7 


— 

1.7 

- 

k ft 

Reference Subcarrier 

Cj6, 7 


- 

6 

- 

PF 

Input Impedance at 

Rj3, 4 


- 

0.95 

- 

kft 

Chroma Inputs 

Cj3, 4 


- 

6 

- 

pF 

Output Resistance 

R 0 9,R 0 11, 

Rq13 


- 

180 

- 

ft 


System Features: 

■ Synchronous detector with color- 
difference matrix 

■ Emitter-follower output amplifier with 
short-circuit protection 

■ Typical R-Y output ratio of 0.95 and 89? 
G-Y output ratio of 0.33 and 244°, 

and B-Y output ratio of 1.0 and 0° 


Maximum Voltage and Current Ratings 
at T a = +25° C 


Voltage* Current 


Terminal 

No. 

MIN 

VOLTS 

MAX 

VOLTS 

Terminal 

No. 

>1 

mA 

■0 

mA 

3 

0 

+5 

3 

- 

- 

4 

0 

+5 

4 

- 

- 

6 

0 

+12 

6 

- 

- 

7 

0 

+12 

7 

- 

- 

8 

0 

+27 

8 

- 

- 

9 

0 

+20 

9 

1.0 

20 

11 

0 

+20 

11 

1.0 

20 

13 

0 

+20 

13 

1.0 

20 


* With reference to terminal No. 14 and with 
the voltage between terminal No. 8 and termi- 
nal No. 14 at +24 V except as given in rating 
for terminal No. 8 


Test circuit Fig. 3 


6 Test circuit Fig. 4 
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CA3172G 



OUTPUT 


OUTPUT 


OUTPUT 


I 0 OR CREaTER ARE IN PICOFARADS 


Fig. 1 — Functional diagram of RCA-CA3172. 



Fig. 2 - Schematic diagram for CA3172 



Fig. 3 — Static characteristics test circuit. 



GEN. ADJUSTED FOR | V 6 | - |v 7 | - 1 1.0 Vp- p | UNLESS OTHERWISE NOTED. 

(PHASE SEPARATED BY 104 •) ALL RESISTANCES IN OHMS. 

92CS-290C9 

Fig. 4 — Dynamic characteristics test circuit. 


421 





CA3189E 


FM IF System 

Includes IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, 
Tuning Meter, Deviation-Noise Muting, and ON 
Channel Detector 

For FM IF Amplifier Applications in High- 
Fidelity, Automotive, and Communications 
Receivers 


The RCA-CA3189E* is a monolithic inte- 
grated circuit that provides all the functions 
of a comprehensive FM-IF system. Fig. 1 
shows a block diagram of the CA3189E, 
which includes a three-stage FM-IF ampli- 
fier/limiter configuration with level de- 
tectors for each stage, a doubly-balanced 
quadrature FM detector and an audio ampli- 
fier that features the optional use of a 
muting (squelch) circuit. 

The advanced circuit design of the IF 
system includes desirable deluxe features 
such as programmable delayed AGC for the 
RF tuner, an AFC drive circuit, and an 
output signal to drive a tuning meter and/or 
provide stereo switching logic. In addition, 


Features: 

■ Exceptional limiting sensitivity: 

1 2 mV typ. at -3 dB point 

■ Low distortion: 0.1% typ. (with double-tuned coil) 

■ Single-coil tuning capability 

■ Improved S + N/N Ratio 

■ Externally programmable recovered audio 
level 

■ Provides specific signal for control of inter- 
channel muting (squelch) 

■ Provides specific signal for direct drive of 
a tuning meter 

■ On channel step for search control 

■ Provides programmable AGC voltage for 
RF amplifier 

■ Provides a specific circuit for flexible audio 
output 

■ internal supply-voltage regulators 

■ Externally programmable "on" channel 
step width, and deviation at which muting 
occurs 


internal power-supply regulators maintain a 
nearly constant current drain over the volt- 
age supply range of +8.5 to +16 volts. 

The CA3189E is ideal for high-fidelity oper- 
ation. Distortion in a CA3189E FM-IF 

System is primarily a function of the phase 
linearity characteristic of the outboard de- 
tector coil. 

TheCA3189E has all the features of the 
CA3089E plus additions. See CA3189E 
features compared to the CA3089E in 
Table I. 

The CA3189E utilizes the 16-lead dual-in- 
line plastic package and can operate over 
the ambient temperature range of -40°C to 
+85°C. 

♦Formerly Developmental Type No. TA10038. 


MAXIMUM RATINGS, Absolute-Maximum Values at =25°C: 


DC SUPPLY VOLTAGE (between Terms. 11 and 4) 16 V 

(between Terms. 1 1 and 14) 16 V 

DC CURRENT (Out of Term. 15) 2 mA 

DEVICE DISSIPATION: 

Up to T a = 85°C . . 640 mW 

Above T^ = 85 C derate linearly at 9.9 mW/°C 

AMBIENT-TEMPERATURE RANGE: 

Operating —40 to +85°C 

Storage — 65to+150°C 

LEAD TEMPERATURE (During soldering): 

At distance not less than 1/32 inch (0.79 mm) from case for 10s max +265°C 



Fig. 1 - Block diagram of the CA3189E. 
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CA3189E 


ELECTRICAL CHARACTERISTICS, at T A = 25°C, V + = 12 Volts 




TEST CONDITIONS 

LIMITS 


CHARAC- 

TERISTIC 

SYMBOL 


Circuit 

or 

Fig. No. 

Min. 

Typ. 

Max. 

UNITS 

Static (DC) Characteristics 

Quiescent Circuit 
Current 

'll 




20 

31 

40 

mA 

DC Voltages: 

Terminal 1 (IF Input) 

Vi 




1.2 

1.9 

2.4 

V 

Terminal 2 (AC 
Return to Input) 

V 2 

No signal input, 
Non muted 

2,6 

1.2 

1.9 

2.4 

V 

Terminal 3 (DC 
Bias to Input) 

V 3 


1.2 

1.9 

2.4 

V 

Terminal 15 
(RF AGC) 

Vl6 




7.5 

9.5 

11 

V 

Terminal 10 (DC 
Reference) 

v 10 




5 

5.6 

6 

V 

Dynamic Characteristics 

Input Limiting Volt- 
age ( — 3 dB point) 

V | (lim) 




- 

12 

25 

MV 

AM Rejection 
(Term. 6) 

AMR 

V| N - 

0.1 V, 

f 0 = 10.7 
MHz, 

2,6 

45 

55 

- 

dB 

Recovered AF 
Voltage (Term. 6) 

V 0 (AF) 

AM Mod. 
= 30% 


325 

500 

650 

mV 








Total Harmonic 
Distortion:* 

Single Tuned (Term. 
6) 

THD 

V| N = 

0.1 V 

^mod- = 
400 Hz, 

6 

- 

0.5 

1 

% 

Double Tuned 
(Term. 6) 

THD 


Deviation 

2 

- 

0.1 

- 

% 

Signal plus Noise to 
Noise Ratio 
(Term. 6) 

S+ N/N 


±75 kHz 

2,6 

65 

72 

_ 

dB 

Deviation Mute 
Frequency 

f DEV. 


Viod. = 0 

4,6,7 

- 

±40 

- 

kHz 

RF AGC Threshold 

vie 



2,6 

- 

1.25 

- 

V 

On Channel Step 

v 12 

■ s > 
> o 

f DEV. < 
±40 kHz 

6 

_ 

0 

— 

V 



f DEV. > 
±40 kHz 


_ 

5.6 

- 



*THD characteristics are essentially a function of the phase characteristics of the network connected 
between terminals 8, 9, and 1 0. 


SIGNAL 

INPUT 

VOLTAGE 



ALL RESISTANCE VALUES ARE IN OHMS 

* T : PRI. -Q 0 (UNLOADED) 2 75(TUNES WITH 100 pF (Cl) 20t0F34e0N 
7/32" DIA. FORM : 

SEC. -Q 0 (UNLOADED) = 75 (TUNES WITH IOOpF(C2) 20t OF 34e ON 
7/32" DIA FORM 

kQtPERCENTOF CRITICAL COUPLING) 2 70 % 

(ADJUSTED FOR COIL VOLTAGE V c )*l50mV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 
“E" TYPE SLUGS, SPACING 4mm 
**C*O.OI/iF FOR 50 /is DEEMPHASIS (EUROPE) 

■ 0.015 /xF FOR 75 DEEMPHASIS (USA) 92CM-29954 


Fig. 2 — Test circuit for CA3189E using a double- 
tuned detector coil. 



Fig. 3 — Muting action, tuner ACC, and tuning 
meter output as a function of input 
signal voltage. 



Fig. 4 — AFC characteristics (current at Term. 7 
as a function of change in frequency ). 
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CA3189E 




LEVEL DETECTOR a METER CIRCUIT 


Fig. 5 - Schematic diagram of the CA3189E 


TABLE I — CA3189E Features Compared to CA3089E 


FEATURES 

Low Limiting Sensitivity (12 mV typ.) 

Low Distortion 

Single-coil Tuning Capability 

Programmable Audio Level 

S/NMute 

Deviation Mute 

Flexible AFC 

Programmable AGC Threshold and Voltage 

Typical S + N/N > 70 dB 

Meter Drive Voltage Depressed at Very- 

Low Signal Levels 

On-Channel Step Control Voltage . . . 


CA3189E 


CA3089E 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 


CA3189E 



Fig. 5 — Schematic diagram of the CA3189E 



*L TUNES WITH IOOpF(C) AT 10.7 MHz 
Qq( UNLOADED) * 75 (TOKO No. KACS K586HM OR EQUIVALENT) 

* *C * 0.01 fiF FOR 50 ps DEEMPHASIS (EUROPE) 

= 0.015 /.F FOR 75 OEEMPHASIS (USA) 

92CM- 29953 

Fig. 6 — Test circuit for CA3189E using a sing/e- 
tuned detector coil. 



CA3189E 



Fig. 7 - Deviation mute threshold as a function 
of load resistance (between Term. 7 
and Term. 10). 



Fig. 8— Typical limiting and noise characteristics. 



92CL — 29958RI 


Fig. 9 — Complete FM IF system for high-quality receivers. 



AUDIO A.F.T. 0 V +12 V TUNING R.F. 10.7 MHz 0 V 

OUTPUT METER A.G.C. INPUT 

92CS-29959R1 

COMPLETE FM IF SYSTEM 

FOR HIGH-QUALITY TUNERS desired, depending on the receiver 

The circuit. Fig. 9, provides a requirements. Figure 8 shows 

complete FM I F system for a typical limiting and noise 

high-quality receiver. Either one characteristics for each circuit 

or two stages of amplification configuration which can be 

and bandpass filtering may be compared to the CA3189E alone. 

Fig. 10 - Printed circuit-board and component layout for circuit shown in Fig. 9. 
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CA3221G 


TV Chroma Amplifier/ 
Demodulator 

Provides Complete System for Processing Chroma 
When Used with RCA-CA3070 or CA3170 
"G" Suffix Type-Hermetic Gold-CHIP in 
Dual-In-Line Plastic Package 


Features: 

■ Excellent linearity in dc chroma gain-controlled circuit 

■ Improved filtering resulting in reduced 7.2-MHz output 
from the color demodulators 

■ Current limiting for short-circuit protection 

■ Good tolerance to B+ supply variations 

■ Good temperature coefficient stability 

■ Gold-CHIP for increased reliability 


The RCA-CA3221G is a monolithic silicon 
integrated circuit .chroma amplifier/demodu- 
lator with ACC, saturation control, and killer 
control for use in NTSC color TV receivers. 
It is designed to function compatibly with 
the CA3070 or CA3170 in a 2-package 
chroma system. The CA3221G is functionally 
identical to the industry standard CA3121, 
but has a modified saturation control as 
well as a modified color difference matrix. 

The CA3221G is supplied in the 16-lead 
dual-in-line plastic package with a hermetic 


Gold-CHIP (G suffix). The transistor chips 
used in the hermetic Gold-CHIP plastic 
packages are of the sealed-junction type 
designed to provide protection against the 
deteriorating effects of humidity and other 
surface contaminants without the need for a 
hermetic package enclosure. The semicon- 
ductor junctions are sealed by utilizing a 
silicon nitride passivation layer. A multi- 
layered, highly corrosion-resistant, terminal- 
connection system of unique design is 
employed. 


MAXIMUM RATINGS at T A = 25°C 

Supply Voltage 30 V 

Device Dissipation: 

Up to T a = 55°C 1 W 

Above T a = 55°C derate linearly 10.5 mW/°C 

Operating Temperature Range —40 to +85 C 

Storage Temperature Range -65 to +150°C 

Lead Temperature (During Soldering) 

At distance 1/16" ±1/32" (1.59 ±0.79 mm) from case for 10 s max +265°C 



Fig. 2 — Typical ACC plot for the CA3221G when 
used with the CA3070. 




Fig. 3 - Saturation control characteristic. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C and Referenced to Test Circuit (Fig.7) 


CHARACTERISTIC, 
TERMINAL MEASURED, 

TEST CONDITIONS 

LIMITS 

UNITS 

AND SYMBOL 


Min. 

Typ. 

Max. 


Supply Current, \j 

- 

- 

40 

50 

mA 

Input Sensitivity, V 2 

Vary Eg; set V^ for 2 V RMS 
S3 = 1 

4 

12 

20 

mV RMS 

Second-Stage Sensitivity, V 4 

Vary Eg; set V^ for 2 V RMS 
S3 = 1 

30 

53 

75 

mV RMS 

Output Voltage (Killer off) 

Switch Positions: SI =2, S2=2, 
S3=1 Adjust killer potentiometer 
until output drops 


- 

70 

mV RMS 

Saturation Control 
Characteristics: 

*V,! 

50% Gain 

Vary Eg; set V-j ^ for 2 V RMS 
with S3 = 1. Set S3 = 2 
measure V^ 

0.71 

0.95 

1.16 

V RMS 

0% Gain 

Same as above, S3 = 3 

- 

- 

20 

mV RMS 

Demodulator Characteristics: 
Output Voltages, 
va.vio.vn 


13.5 

14.5 

15.5 

V 

DC Output Balance 
(Between any 2 
outputs) 


- 0.6 


+ 0.6 

V 

Unbalance, 
v 9- v 10' v ,i 

Eg=0; Switch Position: SI = 1 , 
S2=1, S3= 1 

_ 


0.8 

Vp-p 

Relative Outputs- 
R-Y, V 10 

Vary Eg; set V^ for 2 V RMS, 
S3 = 1 

1.75 

1.85 

1.95 

V RMS 

G-Y, V 9 


0.6 

0.7 

0.8 

V RMS 

Relative Phase — 
R-Y,V 10 

Vary Eg; set V n for 2 V RMS; 
read phase of V«|q and Vg 

_ 

90 

_ 

degrees 

G-Y, Vg 

with V 1 1 as reference 

- 

244 

- 

degrees 

Max. Output Voltage, V«|«| 

Eg = 750 mV 

2.8 

- 

- 

V RMS 


♦See Fig. 3 for saturation control characteristic. 


CIRCUIT OPERATION 


The CA3221G consists of three basic circuit 
sections: (1) amplifier No. 1, (2) amplifier 
No. 2, and (3) demodulator. Amplifier 
No. 1 contains the circuitry for automatic 
chroma control (ACC) and color-killer sensing. 
The output of amplifier No. 1 (Terminal 3) 
is coupled to the Chroma Signal Processor 
(CA3070 or equivalent) for ACC and auto- 
matic phase control (APC) operation and to 
the input of amplifier No. 2 (Terminal 4) 
containing the chroma gain control circuitry. 
The signal from the color-killer circuit in 
amplifier No. 1 acts upon amplifier No. 2 to 
greatly reduce its gain under weak signal 
conditions. 

The output from amplifier No. 2 (Terminal 
14) is applied, through a Bandpass Filter, to 


the demodulator input (Terminal 13). The 
demodulator also receives the R-Y and B-Y 
demodulator subcarrier signals (Terminals 7 
and 8 ) from the oscillator output of the 
chroma signal processor. The R-Y and B-Y 
demodulators and the matrix network con- 
tained in the demodulator section of the 
CA3221G reconstruct the G-Y signal to 
achieve the R-Y, G-Y, and B-Y color differ- 
ence signals. These high-level outputs signals 
with low impedance outputs are suitable for 
driving high-level R, G, B output amplifiers. 
Internal capacitors are included on each out- 
put to filter out unwanted harmonics. For 
additional operating information and signal 
waveforms, refer to Television Chroma 
System (utilizing RCA-CA3070, CA3071, 
CA3072), File No. 468. 




CA3221G 



Fig. 4 — Simplified functional diagram of a two-package TV chroma 
system utilizing the CA3221G and CA3070 or C A3 170. 
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CA3221G 



UNLESS OTHERWISE INDICATED, ALL CARACITANCE 
VALUES LESS THAN I ARE IN MICROFARADS, 

I OR GREATER ARE IN PICOFARADS. 


92CL-30I4I 


Fig. 6 — Outboard circuitry of a typical two-package chroma system for co/or-TV 
receivers utilizing the CA3221G and CA3170. 
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CA3221G 


TO 

TERM. 6 V*-24V 



RESISTANCE VALUES ARE IN OHMS. 


CAPACITANCE VALUES ARE IN MJCROFARADS UNLESS OTHERWISE INDICATED. 


Fig. 7 — Typical characteristics test circuit for the CA3221G. 
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MOS Field-Effect 
Transistors 

Technical Data 


433 



3N128, 3N143 


Silicon MOS transistors N-Channel Depletion Types 
For Amplifier, Mixer, & Oscillator Applications in Military & 

Industrial VHF Communications Equipment Operating up to 250 MHz 


RCA-3N128 and 3N143 are N-channel depletion-type silicon 
insulated-gate field-effect transistors utilizing the MOS* 
construction. The 3N128 is intended primarily for VHF 
amplifier service in military and industrial applications. It 
also is extremely well suited for use in dc and low-frequency 
amplifier applications requiring a transistor having high 
power gain, very high input impedance, and low gate leakage. 

The 3N143 is designed for use as a VHF mixer and oscillator. 
Because of their improved transfer characteristic and in- 
creased dynamic range the 3N128 and 3N143 provide 
substantially better cross-modulation performance in linear 
amplifier applications than conventional (bipolar) transistors 
and are free from diode-current loading common to junction 
type FET’s. These transistors are hermetically sealed in 
JEDEC TO-72 metal packages. 


Miximum Ratings, Absolute-Maximum Values at T A - 25° C: 


•DRAIN-TO-SOURCE VOLTAGE, V DS +20 V 

•DRAIN-TO-GATE VOLTAGE, Vjjq +20 V 

•GATE-TO-SOURCE VOLTAGE, V G s: 

Continuous dc +1,-8 V 

Peak ac ±15 V 

♦DRAIN CURRENT, 1 D 50 mA 

TRANSISTOR DISSIPATION, P T : 

At Ambient up to 25°C 330 mW 

Temperatures above 25° Derate 2.2 mW/°C 

•AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +1 75 °C 

•LEAD TEMPERATURE (During soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 °C 


•In accordance with Jedec Registration Data Format JS9-RDF1 IB. 


ELECTRICAL CHARACTERISTICS: (At T A - 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 



CHARACTERISTIC 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

3N128 

3N143 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Gate Leakage Current 

■gss 

V DS “ VGS = -8VT A = 25 0 C 
V D S = 0, Vqs = -8 V T A = 125°C 



0.1 

50 

5 

- 

0.1 

1000 

200 

PA 

nA 


Zero-Bias Drain Current 

•dss 

V D s=15V,V GS = 0 

5 

15 

25 

5 

15 

30 

mA 


Drain-to-Source Cutoff Current 

l D (off) 

V D S = 20V,V GS = -8V 



- 

50 

- 

- 

50 

M 


Gate-to-Source Cutoff Voltage 

V G s(off) 

Vds = 15 v » Id =50/xA 

-0.5 

-3 

■ 

• 

-0.5 

-3 

-8 

V 


Forward Transconductance 

8fs 

V D s = 15V,lD*5mA,f=lkHz 

5,000 

7,500 

12,000 

5,000 

7,500 

12,000 

yumho 


Drain-to-Source Channel Resistance 

r DS( on ) 

Vds = 0, V G s == 0, f = 1 kHz 



200 



- 

200 

- 

n 


Small-Signal Short-Circuit 













Reverse Transfer Capacitance A 

Crss 

VDS = 15V, l D =5 mA, f =0. 1 to 1MHz 

0.15 

0.25 

0.35 

0.12 

0.25 

0.38 

PF 


Small-Signal Short-Circuit Input Capacitance 

Ciss 

V D s = ISVJd =5mA,f=0.1 1° 1MHz 

- 

5.5 

7 


5 JS 

7 

PF 




Common-Source Configuration 










* 

Input Admittance 

Yis 

f = 200 MHz 

- 

0.4+J7.3 

- 

- 

- 

- 

mmho 

* 

Forward Transfer Admittance 

Yss 

V os . 15 Volts 

- 


7-J2 


- 

- 

- 

- 

mmho 

* 

Output Admittance 

Yos 

Iq = 5mA 

- 

0.28 +J 1.8 

- 

- 

- 

- 

mmho 

* 

Maximum Available Power Gain 

MAG 

V D s=15V,l D = 5mA,f = 200MHz 



21 



. 

_ 

. 

dB 

* 

Insertion Power Gain (Fixed Neutralization) 













See Fig. 1 

6 PS 


13.5 

16 



- 

- 

- 

dB 


Power Gain (Conversion 


Vqs = 15 V, l G = lmA,fj n = 200MHz 






in 

10 c 


HQ 


(See Fig. 3) 

G PS (c) 

f out = 30 MHz 






1U 

lo.o 


Ob 


Noise Figure (See Fig. 1 & 2) 

NF 

Yds = 15 V, l D = 5 mA, f = 200MHz 



3.5 

• 



- 

- 


•Inaccordance with JEDEC Registration Data Format JS9-RDF-11B. 
A Three-Terminal Measurement: Source Returned to Guard Terminal. 


Ci> C,; 1.5-5 pF variable air capacitor. E. F. Johnson Type 160-102 
or equivalent 

C3: 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
johanson Type 4335, or equivalent 

C., C,: 0.3-3 pF piston- type variable air capacitor: Roanwell Type 
* 3 MH- 13 or equivalent 



Lj: 5 turns silver-plated 0.02" thick, 0.07 -0.08" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65”. Tapped at 1-1/2 turns from Cl end 
of winding 

L2: Same -as L j except winding length approx. 0.7”; no tap. 


Fig. 1 • Test circuit used to measure 200-MHz maximum 
.isab/e power gain and noise figure for 3N128 


Performance Features 

■ Large dynamic range 

■ Greatly reduces spurious responses in rceiver front ends 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability 

■ Superior crossmodulation capability 

Device Features 

■ Low noise figure (3N128) - 3.5 dB typ. at 200 MHz 

■ High VHF amplifier gain (3N128) - 16 dB typ. at 200 MHz 

■ Low input capacitance - 5.5 pF typ. 

■ High transconductance - 7500 pmho typ. 

■ High input resistance - 10 14 SI typ. 

■ High conversion gain (3N143, mixer) - 13.5 dB typ. at 
200 MHz 


Applications 

■ VHF amplifiers, mixers, converters and if-amplifiers in 
communication receivers. 

■ High-impedance timing circuits 

■ Detectors, oscillators, frequency multipliers, phase 
splitters, pulse stretchers and current lirnlters 

■ Electrometer amplifiers 

■ Voltage-controlled attenuators 

■ High impedance differential amplifiers 


TERMINAL DIAGRAM 



1 • Drain 

2 - Source 

3 • Insulated Gate 

4 - Bulk (Substrate) 

and Case 



* SEE FIG. I FOR CIRCUIT 9JCS- 14991 


Fig. 2 -Noise figure measurement setup for 3NJ28 



Fig. 3 • Conversion power gain test circuit for 3N 143 
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3N138 


SILICON INSULATED-GATE FIELD-EFFECT TRANSISTOR 

For Critical Chopper Applications and Multiplex Service in 

Instrumentation and Control Circuits TERMINAL DIAGRAM 


RCA-3N138 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is intended pri- 
marily for critical chopper and multiplex applica- 
tions up to GOMHz. 

The insulated gate provides a very high value of 
input resistance (10 14 ohms typ.) which is relatively 
insensitive to temperature and is independent of 
gate-bias conditions (positive, negative, or zero 
bias). The 3N138 also features extremely low feed- 
through capacitance (0.18pF typ.) and zero inherent 
offset voltage. 

The 3N138 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

* Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified ) 
DRAIN-TO-SOURCE 

VOLTAGE, Vi,s -35 max. V 

DRAIN-TO-SUBSTRATE 

VOLTAGE.Vi.h -35, -0.3 max. V 

SOURCE-TO-SUBSTRATE 

VOLTAGE, V sb -35, -0.3 max. V 

DC GATE-TO-SOURCE 

VOLTAGE, Vos 10 max. V 

PEAK GATE-TO-SOURCE 

VOLTAGE, Vos • 14 max. V 



1 - Drain 

3 - Insulated Gate 



CATE-TO- SOURCE VOLTS (V GS ) 

3 92C5- 193 

Fig. 1 - Drain Current vs Gate-to-Source Voltage 


DC GATE-TO-SOURCE 

VOLTAGE, Vos 10 max. V 

PEAK GATE-TO-SOURCE 

VOLTAGE, Vos • 14 max. V 

PEAK VOLTAGE, GATE-TO-ALL 
OTHER TERMINALS: Vcs, V«n, 

Veit, non-repetitive - 45 max. V 

DRAIN CL'RRENT, Iq (Pulse duration 

20 ms, duty factor < 0.10) 50 max. raA 

TRANSISTOR DISSIPATION. Pt: 

At ambient temperatures up to 25°C . 330 max. mW 

above 25°C Derate linearly at 2.2'mW/°C 

AMBIENT TEMPERATURE 
RANGE: 

Storage -65 to +150 3 C 

Operating -65 to +125 °C 

LEAD TEMPERATURE 
(During Soldering) : 

At distances 5 1/32" to seating sur- 
face for 10 seconds max. 265 max. °C 



DRAIN-TO-SOURCE VOLTS (V os ) 


Fig. 2 - Drain Current vs Drain Voltage 

ELECTRICAL CHARACTERISTICS, at T A = 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


Gate-Leakage Current 
Drain-to-Source “ON" Resistance 
Drain-to-Source "OFF” Resistance 
Drain-to-Source Cutoff Current 


I Small-Signal, Short-Circuit, Reverse 
Transfer Capacitance 


I Small-Signal, Short-Circuit, Input 
Capacitance 


Zero-Gate-Bias Forward Transconductance 
Offset Voltage 


Vcs = ±10,V„ S = 0,T A = 25°C 
V, i8 = ±10, V,« = 0, T a = 125°C 


= 0, V„s = 0, f = 1 KHZ, T a = 25 6 C 
= +10, V„s = 0, f = 1 KHz, T x = 25°C 
= 0, V„s = 0, f = 1 KHz, T\ = 125°C 


R|,s<0ff) V«;s= -10,V„s = +1 

I (off) ^ <:s = ~ V|)S = +1 

'"W v,.. = -in v.„ = j-i 


V,;s= -10, V,)s = +1, T a = 25°C 
V«;s = -10,V„s = +1,Ta = 125°C 


V,;s= —10, V|, s = 0, f = 1 MHz 
Vt;s = -10,V„ S = O.f = 1 MHz 
V„S = 12 , Iq = 5 mA 
Vcs = ±10, V, )S = 0 


LIMITS 

Type3N138 

Min. 

Typ. 

Max. 

_ 

0.1 

10 


20 

200 


240 

350 


135 

— 

- 

350 

- 

2 X 10* 

10 lw 

- 


0.01 

5 


0.01 

0.5 

- 

I 

0.25 

0.4 

- 

3 

5 

- 

6000 


- 

0* 



excellent thermal stability 
zero inherent offset voltage 
low leakage current: 10 pA max. 
low “on” resistance — 

fi-(on) = 2400 typ. (V GS - 0 
high “off” resistance — 

Ri.Joff) - 10 1 "ft typ. 
low feedback capacitance — 

C l>s - 0.1 8pF typ. 

low input capacitance — 

3pF typ. 

Applications 
Servo Amplifiers 
Telemetry Amplifiers 
Computer Operational Amplifiers 
Sampling Circuits 
Electrometer Amplifiers 



GATE-TO-SOURCE VOLTS (V GS ) 

“ 5 92CS-I973? 

Fig. 3 - Drain Current vs Gate-to-Source Voltage 



DRAIN-TO-SOURCE MILLIVOLTS (V DS J 


Fig. 4 — Low-Level Drain Current vs 
Drain-to-Source Voltage 








SUBSTRATE CONNECTED TO SOURCE 
DRAIN-TO-SOURCE VOLTS (V os l*+l 
AMBIENT TEMPERATURE (T*)- 25* C 





5 




























































































K 



















j 



,0 ! 

12 

_ 

e 

_ 

A ^ 

, 

3 

, 

( 


J 

12 


* In measurements of Offset Voltage, thermocouple effects and contact having a low thermal e.m.f. such as Leeds & Northrup No. 107-1. 0.1, 

potentials in the measurement setup may cause erroneous readings of 1 or equivalent, 
microvolt or more. There errors may be minimized by the use of solder 


GATE-TO-SOURCE VOLTS IVGSJ 

92CS-K65; 

Fig. 5 — Drain-to-Source Static Resistance vs 
Gate-to-Source Voltage 
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3N139 


SILICON MOS TRANSISTOR 


N-Channel Depletion Type 


For Audio, Video, and RF Amplifier Applications in 
Communications, Instrumentation and Control Circuits 


RCA 3N139 is a silicon, insulated-gate field- 
effect transistor of the N-channel depletion type, 
utilizing the MOS* construction. It is a general purpose 
transistor especially suited for audio, video, and rf 
applications, and for wide-bandamplifierdesigns. The 
insulated gate provides a very high input resistance 
(10 14 0 typ.) which is relatively insensitive to tempera- 
ture and is independent of gate-bias conditions (positive, 
negative, or zero bias). The 3N139 also has a high 
transconductance, a low value of input capacitance 
(3 pF typ.), and a very low feedback capacitance 
(0.19 pF typ.). 

The 3N139 is hermetically sealed in the standard 
4-lead JEDEC TO-72 package. 


Maximum Ratings, Absolute-Maximum Values: 


DRAIN-TO-SOURCE VOLTAGE. V DS ... +35 max. V 

DRAIN-TO-SUBSTRATE VOLTAGE. V DB +35, -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE. V SB +35, -0.3 max. V 

DC GATE-TO-SOURCE VOLTAGE. V GS . ±10 max. V 

PEAK GATE-TO-SOURCE VOLTAGE. VGS ±14 max. V 
PEAK VOLTAGE, GATE-TO-ALL OTHER 
TERMINALS; V GS , V GD , V GB , non- 

repetitive ±42 max. V 

DRAIN CURRENT, I D 50 max. mA 

TRANSISTOR DISSIPATION. Pt: 

At ambient temperatures up to 25°C 330 mW 

above 25°C Derate linearly at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering): 

At distance not closer than 1/32 inch to 

seating surface for 10 seconds max. . . 265 max. °C 

* Metal-Oxide-Semiconductor 


ELECTRICAL CHARACTERISTICS, at T A = 25° C Unless Otherwise Specified. Bulk (Substrate) Connected to Source 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

f 

DC 

DRAIN-TO- 

SOURCE 

VOLTAGE 

Vds 

DC 

GATE-TO- 

SOURCE 

VOLTAGE 

Vgs 

DC 

DRAIN 

CURRENT 

Id 

MHz 

V 

V 

mA 

Min. 

Typ. 

Max. 

Drain-to-Source Cutoff Current 

id(off) 


15 

-8 


- 

- 

50 

mA 

Zero-Bias Drain Current* 

IDSS 


15 

0 


5 

15 

25 

mA 

Gate Reverse Current 

1 GSS 

T a = 25°C 

0 

±10 


- 

- 

1 

nA 

T A = 100°C 

0 

±10 


- 


100 

nA 

Gate-to-Source Cutoff Voltage 

Vgs(OFF) 


15 


0.05 

-2 

-4 

— 6 

V 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

c rss 

1 

15 


5 

0.05 

0.2 

0.4 

pF 

Input Resistance 

Hs 

100 

15 


5 


12 

- 

kn 

Input Capacitance 

c iss 

100 

15 


5 

- 

3 

10 

pF 

Output Resistance 

r as 

100 

15 


5 


6 

- 

ktt 

Output Capacitance 

C css 

100 

15 


5 

- 

1.4 

- 

pF 

Forward Transconductance 

9fs 

1 kHz 

15 


5 


5 

- 

mmho 




Fig. 2 — Drain Current vs Gate-to-Source Voltage Fig. 3 - 1 KHz forward transconductance vs drain current 


FEATURES 

• high input resistance 

R G s=1 0U ntyp. 

• low input capacitance 

C i„= 3 P F ty P . 

••low feed back; capacitance 
C rM - 0.2 pF typ. 

• low gate leakage current 

•gss =0,1 nA ♦yp- 

• high drain-to-source voltage: +35 max. V 


TERMINAL ARRANGEMENT 



0 9 IO 15 20 25 30 

DRAIN-TO-SOURCE VOLTS (V DS ) 

92CS -19721 


Fig. 1 - Drain Current vs Drain Voltage 



-3 -2 -i o 

GATE-TO-SOURCE VOLTS (V GS ) 

92CS- 19720 


Fig. 4-1 KHz forward transconductance vs gate-to-source 
voltage 
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3N140, 3N141 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 


For Amplifier and Mixer Applications Up to 300 MNz 


RCA-3N140 and 3N141* are n-channel silicon, depletion 
type, dual insulated-gate, field-effect transistors util- 
izing the MOS** construction. They have exceptional 
characteristics for rf-amplifier and mixer applications at 
frequencies up to 300 MHz. These transistors feature a 
series arrangement of two separate channels, each 
channel having an independent control gate. 

The 3N140, used in a common-source configuration in 
which gate No.2 is ac grounded, reduces oscillator feed- 
through to the antenna thereby minimizing oscillator 
radiation. The 3N141 provides excellent isolation be- 
tween the oscillator and rf signals because each of the 
two signal frequencies being mixed has its own control 
element. 

The mixing function performed by the 3N141 is unique in 
that the signal applied to gate No.2 is used to modulate 
the input-gate (gate No. 1) transfer characteristic. This 
technique is superior to conventional “square law” 
mixing, which can only be accomplished in the non- 
linear region of the device transfer characteristic. 

The use of the 3N141 as described provides high useful 
conversion gains at all vhf frequencies, and the reduc- 
tion in spurious responses is substantial and easily, 
obtainable in simple circuits. 


Maximum Ratings, Absolute-Maximum Values, at T ^ = 25°C 
DRAIN-TO- SOURCE VOLTAGE, V DS . . 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G i s : 

Continuous (dc) -8 to + 1 V 

Peak ac -8 to +20 V 

GATE No. 2-TO- SOURCE VOLTAGE, V G 2S= 

Continuous (dc) -8 to 40% of Vpg V 

Peak ac -8 to +20 V 


DRAIN-TO-GATE VOLTAGE, 

VDG1 OR V DG2 +20 V 

DRAIN CURRENT, I D 

(Pulsed): Pulse duration £ 20 ms, 

duty factor £ 0.15 50 mA 

TRANSISTOR DISSIPATION, P T : 

At ambient ) up to 25°C 400 mW 

temperatures f above 25°C derate linearly at 

AMBIENT TEMPERATURE RANGE: 2,67 mW/ 

Storage and Operating -65 to + 175 °C 

LEAD TEMPERATURE (During soldering): 

At distances ^ 1/32 inch from 

seating surface for 10 seconds max. . 265 °C 


The 3N140 and 3N141 are hermetically sealed in metal 
JEDEC TO-72 packages. 


* Formerly Dev. Nos. TA2644 and TA7274, respectively. 
** Metal-Oxide-Semiconductor. 


ELECTRICAL CHARACTERISTICS, at Ta = 25°C Unless Otherwise Specified. Common-Source Circuit. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

TYPE 3N140 
RF AMPLIFIER 

TYPE 3N141 
MIXER 

•MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Gate No.l-to-Source Cutoff Voltage 

v Gls «>ff) 

V QS = + 16V, l D = 200 mA 
V G2S = +4V 


■2 

-4 


•2 

-4 

V 

Gate No.2-to-Source Cutoff Voltage 

V G2s ( of 0 

V D$ = + 16V, l D = 200 mA 
V G1S = 0 


-2 

-4 


-2 

-4 

V 

Gate No.l Leakage Current 

*G1SS 

V G1S = - 20V - V G2S=° 
V DS = °. T A = 25°C 



1 



1 

nA 

V G1S =+1V . V G2S = ° 
V DS = 0. T A = 25 °C 



1 



1 

nA 

V G1S = -20V, V G2$ = 0 
V DS s 0, T A = 125°C 



0.2 



0.2 

mA 

Gate No.2 Leakage Current 

! G2SS 

V C2S = -20V, Vqjc = 0 
V DS^°. T A = 25°C 



1 

- 


1 

nA 

V G2S = 4lv 

V DS = °- V G1S = °- T A * 25 °C 



1 



1 

nA 

V G2S = -20V, V G1$ = 0 
V os = 0, T a = 125°C 



0.2 



0.2 

M A 

Zero-Bias Drain Current 

•dss* 

V DD = 4l4v * V G1S = °- 
V G2S = +4 

5 

18 

30 

5 

18 

30 

mA 

Forward Transconductance 
(Gate No.l to Drain) 

«fs 

v dd = +14V -'d = 10 mA 
V G2S = +4V, f * 1 kHz 

6000 

10000 

18000 

6000 

10000 

18000 

^imho 

Cutoff Forward Transconductance 
(Gate No.l to Drain) 

g fs (°ff) 

V D0 = + 14V, V Gls = -0.5V 
V G2S = -2V. f " 1 kHz 



100 




“” h0 

Small-Signal, Short-Circuit 
Input Capacitance 4 

C iss 

■ 

V DS = +13V, l D = 10 mA 
Vq 2 s = +4V, f ~ 1 MHz 

3 

5.5 

7 

3 

5.5 

7 

PF 

Small-Signal, Short-Circuit Reverse 
Transfer Capacitance (Drain to 
Gate No.l) 4 

C rss 

V DS = 4l3v - 'd = 10 mA 
V G2S = +4V ' f = 1 MHz 

0.01 

0.02 

0.03 

0.01 

0.02 

0.03 

pF 

Small-Signal Short-Circuit 
Output Capacitance 

Coss 

Vqj - +13V, Iq r 10 mA 
V G2s = +4V, f = 1 MHz 


2.2 



2.2 


pF 

Power Gain (See Fig.l 
for Measurement Circuit) 

G PS 

Vpp = +15V, R s = 270 Q 
f -= 200 MHz, R q = 50 0 

16 

18 





dB 

Conversion Power Gain 

(See Fig.2 for Measurement Circuit) 

G psc 

V DD = tl5V ' R S = 12 ° n - 
f 1N = 200 MHz, f 0UT = 30 MHz 
Oscillator injection voltage* 

= 2.5 V (rms) 

* 



13 

17 


dB 

Measured Noise Figure 

(See Fig.l for Measurement Circuit) 

NF 

v DD = + 15V, R s - 270 0 
f = 200 MHz, R q = 50fi 


3.5 

4.5 




dB 


* Pusle test: Pulse duration £ 20 ms, duty factor £ 0.15. 

4 Capacitance between Gate No.l and alt other terminals. 


* Three-Terminal Measurement with Gate No.2 and Source Returned to 
Guard Terminal. 

• Measured from gate No.2 to source. 


APPLICATIONS 

• RF amplifier and mixer in military and industrial 
communications equipment 

e aircraft and marine vehicular receivers 
e CATV and MATV equipment 

• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 
e virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 
e excellent thermal stability 

e superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

DEVICE FEATURES 

• low gate leakage currents - - 

IG1SS & 1G2SS = 1 nA max. at Ta = 25°C 

e high forward transconductance - - 
gf s = 6000 pmho min. 

e high unneutralized RF power gain — 

Gp S - 16 dB min. at 200 MHz 

• low VHF noise figure — 4.5 dB max. at 200 MHz 

TERMINAL DIAGRAM 



T Disc ceramic. All resistors in ohms 

* Tubular ceramic. All capacitors in pF 

# Ferrite bead {1/2 used); Indiana General No.H1742C-(A-147), 
F-1157-1-H 

C,, Cv. 1.5-5 pF variable air capacitor: E.F. Johnson Type 160-102 
or equivalent. 

C,: 1-10 pF piston-type variable air capacitor: JFDTypeVAM- 
010, Johanson Type 4335, or equivalent. 

C-: 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07 -0.08 " wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cj endof 
winding. 

L 2 : Same as except winding length approx. 0.7"; no tap. 
Fig, 1 - 200 MHz power gain and noise figure test circuit 
for type 3N140. 
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F/g.22 - g fs vs V GJS . 


Fig. 23 ■ gf s2 vs V G2S . 









3N142 


Silicon MOS Transistor N-Channel Depletion Type 
For Industrial and Military Applications to 175 MHz 


The-3N142 is a silicon, insulated-gate field-effect 
transistor of the N-ehannel depletion type utilizing the 
MOS - construction. 

The-3N142 is intended primarily for use as the rf 
amplifier in FM receivers and general amplifier applica- 
tions at frequencies up to 175 MHz. 

The wide dynamic range of the 3N142 reduces cross- 
modulation effects in AM receivers and .minimizes the 
generation of spurious responses in FM receivers. 

* Metal-Oxide-Semiconductor 

Applications 

• RF amplifier, Mixer, and Oscillator in: 

CB and Mobile Communication Receivers 
Aircraft and Marine Receivers 
CATV and MATV Equipment 
e Industrial Control Circuits 
a Variable Attenuators 
e Current Limiters 
e Instrumentation Equipment 
e High-Impedance Timing Circuits 


Maximum Ratings, Absolute-Maximum Values at = 25° C 


* DRAIN-TO-SOURCE 

VOLTAGE. Vus -20 V 

* DRAIN-TO-GATE 

VOLTAGE, Vim; -20 V 

* GATE-TO-SOURCE 

VOLTAGE. V, ;s : 

Continuous *lto-8 V 

Peak tic ‘15 V 

♦DRAIN CURRENT, In 50 mA 

♦TRANSISTOR DISSIPATION, Pi : 

At ambient 1 up to 25'C 330 mW 

temperatures | above 25°C Derate at 2.2mW/ "C 

♦AMBIENT TEMPERATURE 
RANGE: 

Storage -05 to +175 . C 

Operating -05 to + 175 C 

* LEAD TEMPERATURE 

(During Soldering): 


At distances 5 1/32" from seating 

surface for 10 seconds max 265 °C 


♦ In accordance with JEDEC Registration Dutu Format JS-9 
RDF 11 -B 


Performance Features 

m Large dynamic range 

■ Enhanced signal-handling capability for low 
cross-modulation 

■ Dual-polarity gate permits positive and negative 
swing without degradation of input impedance 

■ Reduced spurious responses in FM receivers 

■ Permits use of vacuum-tube biasing techniques 

■ Excellent thermal stability for critical oscillator 
designs 

Device Features 

m High input resistance - 1000 megohms 

■ Low feedback capacitance - 0.35 pF max. 

■ Low noise figure - 2.5 dB typ. 

■ High useful power gain - 
neutralized - 16 dB min. at 100 MHz 

■ Hermetically sealed TO - 72 metal package 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 

LEAD 2- SOURCE 

LEAD 3- INSULATED GATE 

LEAD 4- BULK (SUBSTRA1 E) AND CASE 


ELECTRICAL CHARACTERISTICS: (At T A 25° C) 


Measured with Substrate Connected lo Source Unless Otherwise Specified. 








LIMITS 





CHARACTERISTICS 

SYMBOLS 

CONDITIONS 






UNITS 





Min. 

Typ. 

Max. 


* 

Gate Leakage Current 

'GSS 

VOS = 0. V GS = -8 V. T A - 25° C 
VOS 0. V GS - -8 V. T A “ 125° C 
VOS * 0. V GS - T A - 25° C 
Vqs -0. VgS ~ H T a " 125° C 


0.0001 

0.0001 

1 

200 

1 

200 

n A 
nA 
nA 
nA 

* 

Zero-Bias Drain Current** 

loss 

VDS - 15 V. V GS ’ 0 

5 

15 

25 

mA 

* 

Drain-to-Source Cutoff Current 

iDloff) 

Vos 20 V, V G s • -8 V 



50 

mA 

* 

Gate- to- Source Cutoff Voltage 

v GS (o, f) 

Vos " 15 V. I D 50- a 

•0.5 

-3 

•8 

V 

* 

Forward Transconductance 

Bfs 

Vos ^ 15 V. Id 5 mA. f 1 kHz 

5000 

7500 

12.000 

,-mho 

* 

Drain-to-Source Channel Resistance 

( DS* on ' 

V 0 S - 0- v cs - 0. f 1 kHz 


200 


ii 

* 

Small-Signal Short-Circuit . 

Reverse Transfer Capacitance^ 

Ciss 

Vos= 15 V. Id = 5 mA. f =0.1 to l MHz 

0.10 

0.22 

0.35 

PF 

* 

Small-Signal Short-Circuit Input Capacitance 

c iss 

Vos t 15 V. Id 5 mA. f - 01 to 1 MHz 


5.5 

7 

pF 

♦ 

Input Admittance 

Y is 

Common Source Configuration 
f = 100 MHz 
V DS = 15V 


0.155+J3.45 


mmho 

* 

Forward Transfer Admittance 

Y fs 


7.5-J0.9 


mmho 

* 

Output Admittance 

Y os 

Id = 5 mA 


' 0.21+J0.9 


mmho 

* 

Maximum Available Power Gain 

MAG 



26 




Maximum Usable Power Gain 
(Fixed Neutralization) 

MUG 

Vds - 15 V, Id - 5 mA. < - 100 MHz 


17 


dB 

* 

Insertion Power Gain** 
(Fixed Neutralization) 

Gps 

16 



dB 

* 

Noise Figure** 

NF 

V D S = 15 V. Id = 5 mA. f - 100 MHz 


2.5 

4 

dB 


* In accoidance with JEDEC Registration Data Format JS-9 RDF-11 B $ Three-Terminal Measurement: Source Returned to Guard Terminal 

**See Fig. 1 



T; Ni = 6 Turns*20 Tinned Copper Wire; Vi" I.D. Y>" Long 
Qo = 205, Ni/N2 = 4.85 

T 2 Ni + N 4 = 6 % Turns*20 Tinned Copper Wire Vi" I.D . 9 i"Long 
Q 0 = 190Ni/N2= 1.9 N 1 /N 3 = 12.3 Ni/N 4 = 8 
Ci = 10 pF Variable Air Capacitor (Hammarlund Mac-10 or Equivalent) 

C 2 = 5 pF Variable Air Capacitor (Hammarlund Mac-5 or Equivalent) 

C 3 = 0.7-3 p F Piston-Type Variable Air Capacitor (Erie 535C or Equivalent) 
Q = 3N142 


Fig. 1 - Test Set Up for 100 MHz Insertion Power Gain and 
Noise Figure 


For characteristics curves, refer to types 3N128 and 3N143. 
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3N152 


Silicon MOS Transistor N-Channel Depletion Type 


For Low-Noise RF Applications in Military & 
Industrial VHF Communications Equipment 
Operating up to 250 MHz 

RCA-3NI52 is an N-channel depletion-type silicon insulated 
gate field-effect transistor utilizing the MOS* construction. It 
is intended primarily for VHF amplifier applications up to 
250 MHz in military and industrial equipment. 

Because of its improved transfer characteristic and ex- 
ceptionally wide dynamic range, the 3N152 with the 
substrate in the reversed bias mode can provide substantially 
better cross-modulation performance in linear amplifier 
applications than conventional bipolar transistors. The insu- 
lated gate with its extremely low reverse (leakage) current 
eliminates the problem of diode-current loading of the input 
circuit under strong input conditions, which is common to 
junction-type FET’s. These features in addition to low 
feedback capacitance permit the design of circuits providing 
superior high-frequency operation and high gain without 
neutralization. The 3N152 utilizes full-gate construction and 
is hermetically sealed in a JEDEC TO-72 metal package. 

■ Metal-Oxide-Semiconductor. 


Maximum Ratings, Absolute-Maximum Values at T ^ = 25°C: 


* DRAIN-TO-SOURCE VOLTAGE. V DS +20 max. V 

*DRAIN-TO-GATE VOLTAGE, V DG +20 V 

* GATE-TO-SOURCE VOLTAGE, V GS : 

» CONTINUOUS (dc) '. -+1, -8 max. V 

* PEAK ac ±15 max. V 

» DRAIN CURRENT, I D 50 max. mA 

TRANSISTOR DISSIPATION: 

At ambient )upto25°C 330 max. mW 

temperatures) above 25°C derate at 2.2 mW/°C 

* AMBIENT TEMPERATURE RANGE: 

Storage... -65 to +175 °C 

Operating -65 to + 175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265 max. °C 


#In accordance with Jedec Registration Data Format JS-9 RDF 1 1-B. 


Features 

• Low gate leakage current — 

•gSS 1 * 0 ' 1 P a typ- 

• Low feedback capacitance — 

C rss = 0.25 pF typ. 

• High forward transconductance — 

gf s = 7500 /imho typ. 

• High vhf power gain — 

G ps = 16dBtyp. at 200 MHz 

• Low vhf noise figure — 

NF = 2.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 


Performance 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


ELECTRICAL CHARACTERISTICS AT Ta = 25°C 

Measured with Substrate Connected to Source Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

! CONDITIONS 

LIMITS 

UNITS 

3N152 

Mm 

Typ. 

Max. 

Gate Leakage Current 

'gss 

V DS - 0. Vq S = 8V,T a - 25°C 


0.0001 

1 

nA 

1 V DS • 0. V GS - -8 V. T a - 125°C ” 



200 

nA 

Zero-Bias Drain Current 

•dss 

|V DS = 15 v.v GS =0 

5 

15 

30 

mA 

Drain-to-Source Cutoff Current 

IqIoM) 

V DS • 20 V, V GS • 8V. 



50 

uA 

Gate-to-Source-Cutoff Voltage 

v GS (o,n 

V DS - 15 V. I D >50 M A 

-0.5 

3 

8 

V 

Forward Transconductance 

91s 

V DS 15 V, l D -- 5 mA, 1 - 1 kHz 

5000 

7500 

12,000 

M mho 

Drain-to-Source Channel Resistance 

r DS ,on) 

V DS = °- V GS = 0. ‘ = > 


200 


M 

Small-Signal Short-Circuit 
Reverse Transfer Capacitance^ 

C rss 

V DS -15V. l D 5 mA, I 0 1 to 1 MHz 

0.15 

0.25 

0.35 

pF 

Small-Signal Short-Circuit Input Capacitance 

C, ss 

VQS 15 V t 1 0 = 5 mA, f - 0.1 to 1 MH/ 


5.5 

7 

pF 

Input Admittance 

Y 1S 

Common Source Configuration 
1 200 MHz 

V DS 15 V. 

I D 5 mA 


0.4 • J7.3 


mmho 

Forward Transfer Admittance 

Y fs 


7 J2 


mmho 

Output Admittance 

Y os 


0.28 • J 1 .8 


mmho 

Power Gain 

Maximum Available Gain 

MAG 

V DS 15 V. I D ■ 5 mA, f 200 MHz 


21 


dB 

Insertion Power Gain (Fixed , lzat , on | 
Neutralization) See Fig.1 

G PS 

14.5 

16 


dB 

Noise Figure (See Figs. 1 & 2) 

NF 

Vqs 15V.I d 5 mA. f 200 MHz 


2.5 

35 

dB 


A Three-Terminal Measurement. Source Returned to Guard Terminal. 

* In accordance with JEDEC Registration Data Format JS-9 RDF-1 1 B. 


TERMINAL ARRANGEMENT 




* SEE FIG I FOR CIRCUIT 92CS '«89 



Fig. 2 - Noise figure measurement setup. 


Ct,C 2 : 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 

or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type 

VAMO10, Johanson T ype 4335, or equivalent 
C 4 , C 5 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 

MH-1 3 or equivalent 

Li : 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 

ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Ci end 
of winding 

L 2 : Same as Li except winding length approx. 0.7"; no tap 


For characteristics curves, refer to types 3N128 and 3N143. 


Fig. 1 - Test circuit used to measure 200-MHz maximum usable power gain and noise Figure. 
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3N153 


SILICON INSULATED GATE FIELD-EFFECT TRANSISTOR 

N -Channel Depletion Type 


RCA 3N153 is a silicon, insulated-gate field-effect 
transistor of the N-channel depletion type, utilizing the 
MOS* construction. It is intended primarily for critical 
chopper and multiplex applications up to 60 MHz. 

The insulated gate provides a very high value of 
input resistance ( 10 10 ohms typ) which is relatively in- 
sensitive to temperature and is independent of gate-bias 
conditions (positive, negative, or zero bias). The 3N153 
also features extremely low feedback capacitance 
(0.34 pF typ) and virtually zero inherent offset voltage. 

This transistor features a Terminal Arrangement in 
which the gate and source connections are interchanged 
to provide maximum isolation between the output (drain) 
and the input (gate) terminals. Although this new basing 
configuration does not appreciably change the measured 
device feedback capacitance, it permits the use of 
external inter-terminal shields to reduce the feedback 
due to external capacitances, particularly on printed 
circuit boards. This feature makes it possible to mini- 
mize feedthrough capacitance. 

The 3N153 is hermetically sealed in the JEDEC 
TO-72 package and features a gate metallization that 
covers the entire source-to-drain channel. 

* Metal-Oxide-Semiconductor 


Maximum Ratings, Absolute-Maximum Values: 

(Substrate connected to source unless otherwise specified) 


DRAIN-TO-SOTJRCE VOLTAGE, Vqs • • - +20 max. V 
DRAIN-TO-SUBSTRATE VOLTAGE. V DB . +20. -0.3 max. V 
SOURCE-TO-SUBSTRATE 

VOLTAGE. V S b r20. -0.3 max. V 

DC GATE-TO-SOURCE VOLTAGE. VqS • +6. -8 max. V 
PEAK GATE-TO-SOURCE 

VOLTAGE. v G S ±14 max. V 

DRAIN CURRENT. Id 
(P ulse duration 20 ms, duty factor 

Z 0. 10) 50 max. mA 

TRANSISTOR DISSIPATION. P T : 

At ambient temperatures 

from -65 to +25°C 400 max. mW 

above 25°C derate linearly at 2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to +175 °C 

LEAD TEMPERATURE 
(During soldering): 

At distance A 1/32” to seating 

surface for 10 seconds max 265 max. °C 


ELECTRICAL CHARACTERISTICS, at T^ = 25° C, Unless Otherwise Specified. Substrate Connected to Source. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 
Type 3N153 


UNITS 




Min. 

Typ. 

Max. 


Gate-Leakage Current 

'gss 

V G $ = + 6,-8V; V DS =0V; T A = 25°C 
V G S 6,-8V; V D S =0V ; T A = 125°C 


0.1 

50 

1 

PA 

nA 

Static Drain-to-Source 
“ON” Resistance 

r D S ( on ) 

v G s = ov, V DS =0V 


200 

300 

n 

Drain-to-Source 
“OFF” Resistance 

R D s(°ff) 

V G S = -8V, Vq S = + IV 

10 9 

10 10 


Q 

Drain-to-Source 

l D (° ff ) 

V G S=-8V,Vds=+1V,T A = 25°C 


0.1 

1 

nA 

Cutoff Current 

V G s =-8V, Vqs = + IV, Ta = 125°C 


0.1 

1 

m A 

Small-Signal, Short-Circuit, 

c 

VGS =*8V, Vqs =0V, f = 1 MHz 


0.34 

0.5 

PF 

Reverse Transfer Capacitance 

Wss 

VDS = 15V, IQ =5 mA, f r 1 MHz 


0.25 

0.38 

PF 

Small-Signal, Short-Circuit, 

C j ss 

V GS =-8V f Vos =0V, f = 1 MHz 


6 

8 

PF 

Input Capacitance 





Small-Signal, Drain-to-Source 

Cds 

V D s =0V, Vqs =-8V, f = 1 MHz 



3 

PF 

Capacitance 





Zero-Gate-Bias 

Sfs 

VGS=0V, V DS = + 15V 


10,000 


-mho 

Forward Transconductance 



Offset Voltage 

V 0 

VGS - + 6,-8V; Vqs = OV 


0* 


V 


* In measurements of Offset Voltage, thermocouple effects and contact potentials in the measurement setup may cause erroneous readings of 
1 microvolt or more. These errors may be minimized by the use of solder having a low thermal e.m.f., such as Leeds & Northrup No.107-1.0.1, 
or equivalent. 


FEATURES 

• excellent thermal stability 
e virtually xero inherent offset voltage 
e low leakage current: 50 pA max. 
e low "on” resistance — rpj^ on j = 200S2 typ. 
e high ‘ 'off” resistance — R[)$(off) = 10^® £2 typ. 
e low feedback capacitance — C fSS = 0.34 pF typ. 
e low input capacitance — Cj ## = 6 pF typ. 


APPLICATIONS 

e Choppers 
e Multiplexers 
e Servo Amplifiers 
e Computer Operational Amplifiers 
e Sampling Circuits 
# Electrometer Amplifiers 


TERMINAL DIAGRAM 



1 - Drain 

2 - Source 

3 - Insulated Gate 

4 - Bulk (Substrate) 

and Case 



92CS-I4943 

Fig. 1 • Drain currant vs. drain-to-source vo/foge. 



92CS- 14944 

Fig.2 - Low-level drain current 
vs. drain-to-source voltage. 



92CS-I4943 

Fig.3 - Drain-to-source static resistance 
vs. gate-to-source voltage. 
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3N154 


Silicon MOS Transistor N-Channel Depletion Type 

For Critical Amplifier Applications in Military & Industrial 
VHF Communications Equipment Operating up to 250 MHz 


RCA 3N154 is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS - 
construction. It is intended primarily for vhf amplifier 
applications up to 250 MHz in military and industrial 
equipment. 

Because of its improved transfer characteristic and 
exceptionally wide dynamic range, the 3N154 can provide 
substantially better crossmodulation performance in 
linear amplifier applications than conventional bipolar 
transistors. The extremely low gate leakage current 
eliminates diode-current loading of the input circuit 
under strong signal conditions, a problem which is common 
to junction-type FET’s. These features, in addition to 
low feedback capacitance, permit the design of circuits 
providing superior high-frequency operation and high gain 
without neutralization. The 3N154 utilizes full-gate 
construction and is hermetically sealed in a JEDEC 
TO-72 metal package. 

■ Metal-Oxide-Semiconductoi 


Maximum Ratings, Absolute -Maximum Values at T A - 25°C: 


♦ DRAIN-TO-SOURCE VOLTAGE. V DS +20 V 

#DRAI N-TO-G ATE VOLTAGE, Vixj +20 V 

♦ GATE-TO-SOURCE VOLTAGE. V Gg : 

♦ CONTINUOUS <dc> +1.-8 V 

♦ PEAK ±15 v 

♦ DRAIN CURRENT. Ip* 50 mA 

♦ TRANSISTOR DISSIPATION: 


At ambient \ up to 25°C 
temperatures/ above 25°C 


330 mW 
derate at 2.2 mW/°C 


♦ AMBIENT TEMPERATURE RANGE: 

Storage -65 to + 175 °C 

Operating *85 to + 175 °C 


LEAD TEMPERATURE (During Soldering): 


At distances not closer than 1/32 inch to 0 

seating surface for 10 seconds maximum . 265 

In accordance with JEDEC Registration Data Format JS9-RDF-1 1 B 


* Pulsed: 

Pulse duration < 20 ms 
Duty factor 0.15 


Device Feature: 

• Closely controlled IDSS - 10 to 25 mA 

• Low gate leakage current — IqSS = 0.1 pA typ. 

• Low feedback capacitance — C r$$ = 0.25 pF typ. 

• High forward transconductance — gf s = 7500 pmho typ. 

• High vhf power gain — Gps = 16 dB typ. at 200 MHz 

• Low vhf noise figure — NF = 3.5 dB typ. at 200 MHz 

• Exceptionally good cross-modulation characteristics 

Performance Features 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL DIAGRAM 



ELECTRICAL CHARACTERISTICS: (At T A = 25° C) 

Measured with Substrate Connected to Source Unless Otherwise Specified. 


CHARACTERISTICS 

SYMBOLS 

CONDITIONS 

Min. 

LIMITS 

3N154 

Tvo. 

Max. 

UNITS 

Gate Leakage Current 

! gss 

Vds = 0 . Vqs = -8 V, Ta = 25° C 
VDS=0, Vq$ - -8 V, T A = 125°C 
V DS = 0 , VGS = + 1 , Ta = 25° c 
V OS = 0,VGS = + 1, T A = 125° C 


0.0001 

0.0001 

0.05 

5 

0.05 

5 

n A 
nA 
nA 
nA 

Zero-Bias Drain Current 

loss 

VDS =15 V, V GS = 0 

10 

15 

25 

mA 

Drain-to-Source Cutoff Current 

iD(off) 

vds = 20 V, vqs=-8V 



50 

/zA 

Gate-to-Source Cutoff Voltage 

V Gs(° f 0 

vds = 15 v, id = 50 mA 

-0.5 

-3 

-8 

V 

Forward Transsconduftance 

gfs 

Vds = 15 v, Id = 5 mA, f = 1 kHz 

5000 

7500 

12,000 

/xmho 

Drain-to-Source Channel Resistance 

r DS< on ) 

V D S - 0, v GS = o, f = 1 kHz 


200 


n 

Small-Signal Short-Circuit 
Reverse Transfer Capacitance 

Crss 

Vds = 15 V, Id = 5rnA, f =0.1 to 1 MHz 

0.15 

0.25 

0.35 

PF 

Small-Signal Short-Circuit Input Capacitance k 

Cjss 

Vds= 15 v, Id = 5 mA, f = 0.1 to 1MHz 


5.5 

7 

PF 

Input Admittance 

Y is 

Common Source Configuration 

- 

0.4 +J7.3 ' 

- 

mmho 

Forward Transfer Admittance 

Yfs 

f = 200 MHz, 
Vds = 15 V, 

- 

7-J2 

- 

mmho 

Output Admittance 

Y os 

Iq = 5 mA 


0.28 +J 1.8 

- 

mmho 

Maximum Available Power Gain 

MAG 

Vnc = V In - ^ mA f - 900 MU 7 


21 


dB 

Insertion Power Gain (Fixed Neutralization) 
(see Fig. 1) 

G PS 

*Uo v, hj - j him, 1 - £uu Mru 

13.5 

16 


dB 

Noise Figure (see Figs. 1 & 2) 

NF 

Vds = 15 V, Id = 5 mA, f = 200 MHz 


3.5 

5 

dB 


* In Accordance with JEDEC Registration Data Format JS-9 RDF-11 B 
A Three-Terminal Measurement: Source Returned to Guard Terminal 



Cv 1.5-5 pF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent 

C., C,: 0.3-3 pF piston- type variable air capacitor: Roanwell Type 
* 0 MH-13 or equivalent 

Q = 3N154 

Lj: 5 turns silver-plated 0.02" thick, 0.07”-0.08" wide copper 
ribbon. Internal diameter of winding = 0.25”; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding 

L 2 : Same as Lj except winding length approx. 0.7"; no tap. 


Fig. 1 - Test circuit used to measure 200-MHz maximum 
usable power gain and noise figure 



Fig. 2 -Noise figure measurement setup For characteristics curves, refer to types 3N128 and 3N143. 
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3N159 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 

For Military and Industrial Low-Noise RF-Amplifier performance features 

Applications Up to 300 MHz • wide dynamic range permits large-signal handling 

beFore overload 


The 3N159' is an n-channel silicon, depletion type, 
dual insulated-gate, field-effect transistor utilizing the 
MOS** construction. It has exceptional characteristics 
for rf- amplifier applications at frequencies up to 
300 MHz. This transistor features a series arrangement 
of two separate channels, each channel having an 
independent control gate. 

Type 3N159 has an exceptionally low-noise figure, which 
makes this type particularly suitable for critical vhf 
applications. When used in a common-source con- 
figuration in which gate No.2 is ac grounded, this device 
reduces oscillator feedthrough to the antenna thereby 
minimizing oscillator radiation. 

The 3N159 is hermetically sealed in the metal JEDEC 
TO-72 package. 

** Metal-Oxide-Semiconductor. 

APPLICATIONS 

• RF amplifier in military and industrial communications 
equipment 

• aircraft, marine and vehicular receivers 

• CATV and MATY equipment 

• telemetry and multiplex equipment 


Maximum Ratings, Absolute-Maximum Values: 

at TA = 25°C 


DRAIN-TO-SOURCE VOLTAGE, V Dg .... 
GATE-No. 1-TO-SOURCE VOLTAGE. V G1S : 

Continuous (dc) 

Peak ac 

GATE N0.2-TO-SOURCE VOLTAGE. V G2S : 

Continuous (dc) -8 

Peak ac 

DRAIN-TO-GATE VOLTAGE: 

V DG1 or V DG2 

DRAIN CURRENT, I D 

Pulsed: Pulse duration 20 ms, 

duty factor £ 0.15 

TRANSISTOR DISSIPATION, P.J.: 

At ambient | up to 25°C 

temperatures ( above 25°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating 

LEAD TEMPERATURE (During soldering): 
At distances > 1/32 inch from seating 


... 0 to +20 V 

... -8 to +1 V 
. . -8 to +20 V 

to 40% of V DS V 
. . .-8 to +20 V 

+20 V 


50 mA 

400 mW 

derate linearly at 
2.67 mW/°C 

. -65 to +175 °C 


surface for 10 seconds max. 


265 C 



• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in FM receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate field-effect 
transistors 

DEVICE FEATURES 

• low gate leakage currents — — 

*G1 SS & *G2SS = 1 nA max - 

• high forward transconductance — — 

gf s = 7000 (imho min. 

• high unneutralized RF power gain — — 

G ps = 16 dB min. at 200 MHz 

• low vhf noise figure — — 

NF = 3.5 dB max. at 200 MHz 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.l 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 



* Tubular ceramic 

T Disc ceramic 

# Ferrite bead (1/2 used); Indiana General No. H 1742C-<A-147) or 
F1157-1-H or equivalent. 

t VHF plug in socket Jettron CD72-148and CD72149(part No.7977-1) 
or equivalent. 

Cj. C 2 : 1.5-SpF variable air capacitor: E. F. Johnson Type 160-102 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13 or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide copper 
ribbon. Internal diameter of winding * 0.25": winding 
length approx. 0.65". Tapped at 1-1 2 turns from Cl end 
of winding. 

L 2 : Same as Lj except winding length approx. 0.7": no tap. 

Fig.l - 200-MHz power gain and noise-figure test 
circuit for type 3N159. 
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3N187 


Silicon Dual Insulated -Gate Field-Effect 

N-Channel Depletion Type 

With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 300 MHz 


Transistor 

Device Features 

• Back-to-back diodes protect each gate against handling and in-circuit transients 

• High forward transconductance - gf S = 12,000 pmho (typ.) 

• High unneutralized RF power gain - Gps = 18 dB(typ.) at 200 MHz 

• Low VHF noise figure - 3.5 dB(typ.)at 200 MHz 


RCA-3N187 is an n-channel silicon, depletion type, 
dual insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into 
the MOS A pellet and are electrically connected between 
each insulated gate and the FET’s source. The diodes 
effectively bypass any voltage transients which exceed 
approximately ±10 volts. This protects the gates against 
damage in all normal handling and usage. 

A feature of the back-to-back diode configuration is 
that it allows the 3N187 to retain the wide input signal 
dynamic range inherent in the MOSFET. In addition, the 
junction capacitance of these diodes adds little to the 
total capacitance shunting the signal gate. 

The excellent overall performance characteristics of 
the RCA-3N187 make it useful for a wide variety of rf- 
amplifier applications at frequencies up to 300 MHz. 
The two serially-connected channels with independent 
control gates make possible a greater dynamic range 
and lower cross-modulation than is normally achieved 
using devices having only a single control element 
The two -gate arrangement of the 3N187 also makes 
possible a desirable reduction in feedback capacitance 
by operating in the common-source configuration and ac- 
grounding Gate No. 2. The reduced capacitance allows 


operation at maximum gain without neutralization; and, 
of special importance in rf-amplifiers, it reduces local 
oscillator feedthrough to the antenna. 

The 3N187 is hermetically sealed in the metal JEDEC 
TO-72 package. 

A Metal-Oxide-Semiconductor 

Maximum Ratings, 

Absolute-Maximum, Values, at T ^ =25°C 


DRAIN- TO- SOURCE VOLTAGE, V DS . . . -0.2 to +20 V 
GATE No. 1-TO-SOURCE VOLTAGE, V G1S; 

Continuous (dc) -6 to +3 V 

Peak ac -6 to +6 V 

GATE No. 2-TO-SOURCE VOLTAGE. V G2S ; 

Continuous (dc) -6 to 30% of Vpg V 

Peak ac -6 to +0 V 

* DRAIN- TO-GATE VOLTAGE, 

V DG1 0R V DG2 +2 ° V 

* DRAIN CURRENT, I D 50 mA 

* TRANSISTOR DISSIPATION P T : 

At ambient 1 up to 25°C 330 mW 

temperatures (above 25°C derate linearly at 

2.2 mW/QC 

* AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

* LEAD TEMPERATURE (During Soldering): 

At distances > 1/32 inch from 

seating surface for 10 seconds max. 265 °C 

* In accordance with JEDEC Registration Data Format 

JS-9 RDF-19A 


App li cations 

• RF amplifier, mixer, and IF amplifier in military, and 
industrial communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 

Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET’s 

• Wide dynamic range permits large-signal handling 
before overload 

• Virtually no age power required 

• Greatly reduces spurious responses in FM receivers 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2-GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4 -SOURCE, SUBSTRATE 
AND CASE 




GATE No. 2-TO-SOURCE VOLTS (V G 2s) 

92CS— I5I09SI 

Fig. 2- NF vs. Vg2S 



446 . 





ELECTRICAL CHARACTERISTICS, at T A = 25° C 


COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A ) 
FREQUENCY (0*200 MHj 
DRAIN MILLIAMPERES <I 0 )* 
GATE No 2-TO- SOURCE VOl 


SSSS! 


!!!"■ 


lull 


sir. 

jijil 


SSSSSSSS&SSSSSSSSSSJ 





■BHHI 

‘ 'H 




I EE S3 




* Limited only by practical design considerations. 

t Capacitance between Gate No. 1 and all other terminals 

* Three-terminal measurement with Gate No. 2 and 

Source returned to ground terminal. 

* In accordance with JEDEC Registration Data Format JS-9 RDF-J9A 


OPERATING CONSIDERATIONS 
The flexible leads of the 3N187 are usually soldered to the 
circuit elements. As in the case of any high-frequency 
semiconductor device, the tips of soldering irons MUST 
be grounded. 
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DRAIN-TO-SOURCE VOLTS ( 

Fig. 9- Yos vs • V DS 
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OR AIN -TO- SOURCE V 

Fig. 70- yf s 


GATE 1 No. 2 -TO-SOtJRttf 
VOLTS (Vftgsl*" 1 It I I t 


F/,raaal 
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- COMMON-SOURCE CIRCUIT, GATE No. I INPUT- 

: AMBIENT TEMPERATURE (T A )«25«C : 

I DRAIN-TO- SOURCE VOLTS (V 0S )*I5 I 

I GATE No.l -VOLTAGE (V GIS ) IS ADJUSTED I 
: FOR I D *IOmA WHEN V G2S *4 V I 

- GATE No. 2 AT A C-6R0UN0 POTENTIAL - 


CO AMOR SOURCE CIRCUIT 
AMBIENT TEMPERATURE (T A ) - 25* C 
FREQUENCY (0 ■ 200 MHi 
DRAIN MILLIAMPERES (It)) • 10 
GATE NO. 2- TO- SOURCE VOLTS (V C2S ) 
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GATE No. 2-TO -SOURCE VOLTS (V G2S ) 

DRA1N-T0-S0URCE V0 
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Fig. 7- Id vs. Vq2S 

Fig. 7 7 - y rs 
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GATE NO. 2 -TO -SOURCE VOLTS (V Q2S ) 


*2CS-I«4SW 


Fig. 24 - gf s and Iq vs. VG 2 S 
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OMMON SOURCE CIRCUIT 
kMBIENT TEMPERATURE (T A )«23*C 
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GATE NO. I -TO- SOURCE VOLTS (V Qts ) 

USS-40H 

Fig. 25.- gf s vs. V C1S 



Fig. 26- g f S2 vs. Vq2S 
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3N200 


Silicon Dual Insulated -Gate Field-Effect Transistor 

N-Channel Depletion Types Applications 


With Integrated Gate-Protection Circuits 

For Military and Industrial Applications up to 500 MHz 


RCA-3N200 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 3N200 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-3N200make it useful for a wide variety of rf-amplifier 


Maximum Ratings, Absolute-Maximum Values, at Ta = 25°C 

DRAIN-TO-SOURCE VOLTAGE, V D S • • • • 0.2 to +20 V 

GATE No.l-TO-SOURCE VOLTAGE, Vqis: 

Continuous (dc) -6 to +3 V 

Peak ac -6 to +6 V 

GATE No.2-TO-SOURCE VOLTAGE, VQ2S- 

Continuous (dc) -6 to 30% of Vqs V 

Peak ac -6 to +6 V 

* DRAIN-TO-GATE VOLTAGE, 

Vdgi OR VDG2 +20 V 

*DRAIN CURRENT. I D 50 mA 

•TRANSISTOR DISSIPATION. P T : 

At ambient ) up to 25°C 330 mW 

temperatures ) above 25°C derate linearly at 

2.2 mW/°C 

* AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

* LEAD TEMPERATURE (During soldering): 

At distances^ 1/32 inch from 

seating surface for 10 seconds max. 265 °C 

•In accordance with JEDEC registration data format (JS-9 RDF-19A) 


applications at frequencies up to 500 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two-gate arrangement of the 3N200 also makes possible a 
desirable reduction in feedback capacitance by operating in 
the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 3N200 is hermetically sealed in the metal JEDEC TO-72 
package. 


Performance Features 

• Superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• Wide dynamic range permits large-signal handling 
before overload 

• Dual-gate permits simplified age circuitry 

• Virtually no age power required 

• Greatly reduces spurious responses ip FM receivers 


Device Features 

• Back-to-back diodes protect each gate against 
handling and in-circuit transients 

• High forward transconductance - 


9f s = 15,000 pmho (typ.; 
• High unneutralized RF p 


High unneutralized RF power gain - 
G ds = 12.5 dB (typ.) at 400 MHz 
M = 19 dB (typ.) at 200 MHz 
Low VHF noise figure - 3.9 dB (typ.) at 400 MHz 
3.0 dB (typ.) at 200 MHz 


• RF amplifier, mixer, and IF amplifier in military and industrial 
communications equipment 

• Aircraft and marine vehicular receivers 

• CATV and MATV equipment 

• Telemetry and multiplex equipment 


TERMINAL DIAGRAM 



LEAD 1 -DRAIN 
LEAD 2 - GATE No. 2 
LEAD 3-GATE No. 1 
LEAD 4 • SOURCE, SUBSTRATE 
AND CASE 



y and s Parameters vs. Frequency 

TEST CONDITIONS: Drain-to-Source Volt* (Vpg) = 15, Drain Milllampere* (Iq) = 10, 
Gate No. 2-to-Source Volt* (Vq2s) = * 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 



100 

200 

300 

400 

500 


Maximum Available Power Gain 

MAG 

32 

24 

17.5 

13 

10 

dB 

Maximum Usable Power Gain (Unneutralized)* 

MUG 

32 

24 

17.5 

13 

10 

dB 

Y Parameters 








Input Conductance 

8 is 

0.25 

0.8 

2.0 

3.6 

6.2 

mmho 

Input Susceptance 

b is 

3.4 

5.8 

8.5 

11.2 

15.5 

mmho 

Magnitude of Forward Transadmittance 

Ivrsl 

15.3 

15.3 

15.4 

15.5 

16.3 

mmho 

Angle of Forward Transadmittance 

^yfs 

-15 

-25 

-35 

-47 

-60 

degrees 

Output Conductance 

80 s 

0.15 

0.3 

0.5 

0.8 

1.1 

mmho 

Output Susceptance 

bos 

1.5 

2.7 

3.6 

4.25 

5.0 

mmho 

Magnitude of Reverse Transadmittance 

1 *rsl 

0.012 

0.025 

0.06 

0.14 

0.26 

mmho 

Angle of Reverse Transadmittance 

^rs 

-60 

-25 

0 

14 

20 

degrees 

S Parameters 








Magnitude of Input Reflection Coeff. 

N 

0.97 

0.90 

0.84 

0.78 

0.70 


Angle of Input Reflection Coeff. 

4LS j$ 

-20 

-32 

-55 

-68 

-82 

degrees 

Magnitude of Forward Transmission Coeff. 

J S fs| 

1.50 

1.40 

1.25 

1.1 

0.9 


Angle of Forward Transmission Coeff. 

^ s fs 

153 

133 

112 

90 

70 

degrees 

Mangitude of Output Reflection Coeff. 

l s os| 

0.985 

0.95 

0.93 

0.92 

0.91 


Angle of Output Reflection Coeff. 

^ s os 

-7.5 

-16 

-22 

-28 

-34 

degrees 

Magnitude of Reverse Transmission Coeff. 

| s rs| 

0.001 

0.0025 

0.005 

0.010 

0.0165 


Angle of Reverse Transmission Coeff. 

^ s r$ 

100 

125 

141 

150 

142 

degrees 


•Limited only by practical design considerations 


All resistances in ohms 
All capacitances in pF 
C 1( C2: 1.3- 5.4 pF variable air capacitor: 

Hammerland Mac 5 type or 
equivalent 

03:1.9-13.6 pF variable air capacitor: 

Hammerland Mac 15 type or 
equivalent 

C 4 : Approx. 300 pF-capacitance form- 
ed between socket cover & chassis 

05:0.8-4.5 pF piston type variable 
air capacitor: Erie 560-013 or 
equivalent 

Lj.Lj: Inductance to tune circuit 

Fig. 7 - 400 MHz power gain and noise figure test circuit 
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CATE NO. I-TO-SOURCE VOLTS (V G , 5) 

msm 

Fig. 2 -Iq vs. Vgjj 
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ELECTRICAL CHARACTERISTICS 
of T A = 25°C 

units* othtrwiss sptcifitd 

SYMBOLS 

Gate No. 1-to-Source Cutoff Voltage 

v G19(off) 

Gate No. 2-to-Source Cutoff Voltage 

v G2S(off) 

Gate No. 1-Terminal Forward Current 

'gissf 

Gate No. 1-Terminal Reverse Current 

■gissr 

Gate No. 2-Terminal Forward Current 

^QjjH 

Gate No. 2-Terminal Reverse Current 


Zero-Bias Drain Current 

•ds 

Forward Transconductance 
(Gate No. 1-to-Drain) 

gfs 

Small-Signal, Short-Circuit Input 
Capacitance* 

c iss 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate-No. 1)* 

C r ss 

Small-Signal, Short-Circuit Output 
Capacitance 

G oss 

Power Gain (see Fig. 1) 

G PS 

Noise Figure (see Fig. 1) 

NF 

Bandwidth 

BW 

Gate-to-Source Forward 
Breakdown Voltage Gate No> 1 

V (BR)G1SSF 

Gate No. 2 

V (BR)G2SSF 

Gate-to-Source Reverse 
Breakdown Voltage Gate No. 1 

V (BR)G 1SSR 

Gate No. 2 

V (BR)G2SSR 


Vq$ c +15V, l D = 50/xA 
V G2S = +4 V 


V DS = +15 V, l D = 50 /xA 


• In accordance with JEDEC legislation data format 
( JS-9 RDF-19A) 



V G1S = V DS = 0 


'Capacitance between Gate No. 1 and all other tei 
*Three-terminal measurement with Gate No. 2 and 
Source returned to guard terminal. 
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3N204, 3N205, 3N206 


Silicon Dual-lnsulated-Gate 
Field-Effect Transistors 

With Integrated Gate-Protection Circuits 
For VHF TV Applications 

3N204-RF Amplifier 
3N205 - Mixer 
3N206 — TV IF Amplifier 

The RCA-3N204, 3N205, and 3N206 are 
n-channel silicon, depletion type, dual-insu- 
lated gate, field-effect transistors intended 
for vhf TV applications. Integrated back- 
to- back diodes protect the gates from ex- 
cessive input voltages. 

The 3N204 is intended for use in vhf rf 
amplifiers and delivers linear, low-noise ampli- 
fication. Its extremely low feedback capaci- 
tance allows high-gain stable operation with- 
out neutralization. The 3N205 is specified for 
low noise vhf mixer applications. The 3N206 
is intended for use in tuned high-frequency 
amplifiers such as TV if strips. 


Features: 

■ Low C rss — 0.03 pF max. 

■ High | Yf s | — 14 mmho typ. for 3N204 and 3N205 

■ Integrated gate-protection diodes 


MAXIMUM RATINGS, 

Absolute Maximum Values at T/\ =25°C 

* DRAIN-TO-GATE Mo.l VOLTAGE 30 V 

* DRAIN-TO-GATE No.2 VOLTAGE 30 V 

* DRAIN-TO-SOURCE VOLTAGE 25 V 

* GATE No. 1-TERMINAL FORWARD CURRENT* 10 mA 

* gate nonterminal forward current* io mA 

* GATE No. 1-TERMINAL REVERSE CURRENT -10 mA 

* GATE No. 2-TERMINAL REVERSE CURRENT -10 mA 

* CONTINUOUS DRAIN CURRENT 50 mA 

* DEVICE DISSIPATION: 

UptoT A = 25°C 360 mW 

Above T a = 25°C derate linearly 2.4 mW/°C 

UptoTc = 25°C 1.2 W 

Above Tq = 25°C derate linearly 8 mW/°C 

* AMBIENT TEMPERATURE RANGE: 

Operating -65 to +175 °C 

Storage -65 to +200 °C 

* LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1/32 inch (1.59 ±0.79 mm) 

from case for 10 seconds max +300 °C 


* Forward gate-terminal current is the current into a gate terminal with a forward-gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 

* In accordance with JEDEC registration data format (JS-9 RDF-19B) 


OPERATING CHARACTERISTICS at T A = 25°C 



CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Min. 

Typ. 

Max. 


3N204 | 

* 

Common-Source Spot Noise 
Figure, NF 



_ 

3.5 

dB 

* 

Small-Signal Common-Source 

V DD =18 V, V G G=7 V, 






Insertion Power Gain, G ps 

f = 200 MHz, See Fig. 13 

20 

- 

28 

dB 

* 

Bandwidth, BW 


7 

- 

mm 


* 

Gain-Control Gate-Supply 

Vqd= 18 V, AG ps =— 30dB,1 



■ 

■ I 


Voltage, Vqg(GC) 

f=200 MHz, See Fig. 13 

0 

- 

B 

El 

* 

Common-Source Spot Noise 
Figure, NF 

V D =15V, V G 2S = 4 V, 
f = 450 MHz, Ip = 10 mA, 
See Figs. 15 and 16 

_ 

_ 

m 

IliJI 

* 

Small-Signal Common Source 
Insertion Power Gain, G ps 

14 

- 

- 




* 

Small-Signal Conversion 
Power Gain, G ps (conv) 

Vdd= 18 V,f L 0=245MHz,3 
f R F=200 MHz. See Fig.1 7 

17 

■ 

m 

dB 

* 

Bandwidth, BW 

4 

- 

mm 

MHz 



* 



_ 

■ 

m 


* 


V D D=24 V, V G G=6 V. 


■ 




Insertion Power Gain, G ps 

f=45 MHz, See Fig. 14 

25 


| 

dB 

* 

Bandwidth, BW 


3 

- 

KM 


* 

Gain-Control Gate-Supply 

Vqd = 24 V, AG ps =— 30dB,2 






Voltage, VgG(GC) 

f=45 MHz, See Fig. 14 

-1.6 

- 

0.6 

V 


*ln accordance with JEDEC registration data format (JS-9 RDF-19B). 

1 . AG ps is defined as the change in G ps from the value at Vqq = 7V. 

2. AG ps is defined as the change in G ps from the value at Vqq = 6 V. 

3. Amplitude at input from local oscillator is 3 V RMS. 



92CS-27947 

Fig. 1 — Drain current vs. drain-to-source volts 
(pulse-tested with pulse duration - 
300 ps, duty cycle ^2%). 



92CS-27948 

Fig.2 — Drain current vs. gate-No. 1-to-source volts 
(pulse-tested with pulse duration = 300 ps, 
duty cycle ^ 2%). 


i 
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3N204, 3N205, 3N206 

ELECTRICAL CHARACTERISTICS. At T A = 25°C (unless otherwise specified) 



CHARACTERISTIC 


LIMITS 

UNITS 




MIN. 

MAX. 

* 

Drain-to-Source Breakdown 

>D = 10/iA, 






Voltage, V (BR ) DS 

V G1S =V G2S = ~ 5V 


25 

— 

V 

* 

Gate No.l-to-Source Forward 
Breakdown Voltage, V( BR ) G1 5 B p1 

l G1 = 10mA, V G2 s = V D s=0 

6 

30 

V 

* 

Gate No.l-to-Source Reverse 
Breakdown Voltage, V( BR ) G -| B 3 R 1 

l G1 = -10mA, V G 2 S=VdS =0 

-6 

-30 

V 

* 

Gate No.2-to-Source Forward 
Breakdown Voltage, V( BB )Q2SSF^ 

l G2 =10mA, V G1S =V DS =0 

6 

30 

V 

* 

Gate No.2-to-Source Reverse 
Breakdown Voltage, V( BR )Q2SSR 1 

l G2 = -10mA, V G -| g=V DS = 0 

-6 

-30 

V 

* 

Gate No.1 -Terminal Forward 
Current, IqiSSF 

V G 1S =5V ' V G2S =V 

DS-° 

- 

10 

nA 

* 

Gate No.l-Terminal Reverse 

V G1S = _5V - 

T a =25°C 

- 

-10 

nA 


Current, l G1SSR 

V G2S =V DS =0 

T A =1 50°C 

- 

-10 

fiA 

* 

Gate No. 2-Terminal Forward 
Current, Iq2SSF 

V G 2S =5V < v G1S =v 

o 

ii 

CO 

a 

- 

10 

nA 

* 

Gate No. 2-Terminal Reverse 

V G2S = _5V ' 

T a =25°C 

- 

-10 

nA 


Current, Iq2SSR 

V G1S =V DS =0 

T a =150 C 

- 

-10 

/iA 

* 

Zero-Gate No. 1-Voltage 
Drain Current, Iq B ^ 

V D s=15V.Vgis=0, 

v G2S° 4v 

3N204 

6 

30 



3N205 

6 

30 

mA 


3N206 

3 

15 


* 

Gate No.l -to-Source Cutoff 
Voltage, V Gls(off) 

v DS =15V < 

V G 2S =4v > 

\ d =20hA 

-0.5 

-4 

V 

* 

Gate No.2-to-Source Cutoff 
Voltage, V G2 s( 0 ff) 

V D S = 15V, 
V G 1S = °, 

1 D =20/iA 

-0.2 

-A 

V 

* 

Small-Signal Common-Source 

V DS =15V, 

3N204 

10 

22 



Forward Transfer Admittance, 

V G 1S = °. 
v G 2S =4v < 
f=1 kHz 

3N205 

10 

22 

mmho 


IVfsl 2 3 

3N206 

7 

17 


* 

Small-Signal Common-Source 
Reverse Transfer Capacitance, 
C rss 

VqS =15V ' v G 2S =4V < 
l D = 10mA,f=1 MHz 

0.005 

0.03 

PF 


*ln accordance with JEDEC registration data format (JS-9 RDF-19B). 


1; All gate breakdown voltages are measured while the device is conducting rated gate current. 
This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (t ^ = 300/us, duty cycle ^s2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoid overheating. The signal is applied to gate No.1 with gate No. 2 at ac ground. 



92CS-27949 


Fig.3 - Y is vs. f 



Fig. 4 - Y is vs. \ /q2S 



Fig. 5 - Yf s vs. f 



GATE No-2-TO-SOURCE VOLTS (V G2S ) 


92CS-27 952 


F ig-6 - Y fs vs. V G2 s 
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3N204, 3N205, 3N206 



92CS-27953 



GATE N0.2-TO- SOURCE VOLTS (V G 2S> 

92CS* 27954 


Fig. 7 - Y os vs. f 


Fig. 8 - Y os vs. V G2 S 




GATE No. 2-TO- SOURCE VOLTS (V C 2S> 

92CS-279S6 

Fig. 10 — C oss vs. V C2 s 



GAIN- CONTROL GATE SUPPLY VOLTAGE^^go]- V 


92CS-27957 

Fig. 1 1 - A G ps vs. Vq G ( G q 




L2:9 TURNS No. 20 WIRE , 3/16 INCH-DIA. ALUMINUM SLUG 


92 CS* 27960 


Fig. 12 — 200-MHz power gain, gain-control voltage, and noise-figure test circuit for 3N204*. 
* In accordance with JEDEC registration data format (JS-9 RDF-19B). 



LI : 8 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "J"SLUG 
L2'-9 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "j“ SLUG 


92CM-27959 


Fig. 13 - G ps vs. Iq 


Fig. 14 45-MHz power-gain and noise-figure test circuit for 3N206*. 

* In accordance with JEDEC registration data format {JS-9 RDF-19B). 
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3N204, 3N205, 3N206 



NOTES: 

A. Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions, as indicated. 

B. The removable top of test fixture is not shown. 

C. For clarity, the 62 kd resistor, the source and gate-2 socket pins, 
and insulating stand-off terminals (ISOT) soldered into the fold of 
LI and L2 respectively for mechanical support, are not shown in 
view A. 

D. Cl and C2 (C3 and C4) consist of shim brass and the "C" portion of 
LI (L2) separated by air and the mylar tape covering the "C" portion 
of LI (L2). 

E. The four views surrounding the center view are as they would appear 
before the metal is bent up to form the sides. 

Fig. 15 450 MHz power-gain and noise-figure test fixture*. 

* In accordance with JEDEC registration data format (JS-9 RDF-19B). 
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3N204, 3N205, 3N206 


V G2S 



NOTE : 

FOR TEST FIXTURE, SEE PICTORAL DRAWING IN FIGURE 16 
Cl THRU C4 : SEE FIGURE 16, NOTE D 
C5 : O.OOI^F LEADLESS DISC CAPACITOR 

C6 THRU CIO ALLEN-BRADLEY FSAU O-OOI M F FEED-THROUGH CAPACITORS, OR EQUIVALENT 
LI 8 L2 -SEE FIGURE 16 

92CM-2796I 

Fig. 16 — -450 -MHz power-gain and noise-figure test circuit for 3N204*. 

* In accordance with JEDEC registration data format (JS-9 RDF-19B). 



NOTE: T1 : PRI: 16 TURNS No.30 WIRE CLOSE WOUND 

Cl : ARCO 462, 5-80 pF, or EQUIVALENT ON 1/4 INCH Dl A. FORM, TYPE "J" SLUG 

C2: ARCO 460, 1.5-15 pF. OR EQUIVALENT SEC: 5 TURNS No.30 WIRE CENTERED 

LI : 4 TURNS No. 14 WIRE, 1/4 INCH INSIDE DIA. OVER PRIMARY 

Fig. 17 200 MHz-to-45-MHz circuit for conversion power gain for 3N205*. 

* In accordance with JEDEC registration data format (JS-9 RDF-19B). 
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3N211, 3N212, 3N213 


Silicon Dual-Insulated-Gate Field-Effect Transistors 


N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For VHF TV Applications 


3N211 -RF Amplifiers 
3N212- Mixers 
3N213 — TV IF Strips 


Features: 

■ Low C rss - 0.05 pF max. 

■ High |Yf s | — 30 mmho typ. for 3N211 and 3N212 

■ Integrated gate-protection diodes 


The RCA-3N21 1, 3N212, and 3N213 are 
n-channel silicon, depletion type, dual -insu- 
lated gate, field-effect transistors intended 
for VHF TV applications. Integrated back- 
to-back diodes protect the gates from ex- 
cessive input voltages. 


MAXIMUM RATINGS, 

Absolute Maximum Values at 7^ = 25° C 

DRAIN-TO-GATE No.1 VOLTAGE 

DRAIN-TO-GATE No.2 VOLTAGE 

DRAIN-TO-SOURCE VOLTAGE 

GATE No.l-TERMINAL FORWARD CURRENT* 
GATE No. 2-TERMINAL FORWARD CURRENT* 
GATE No.l-TERMINAL REVERSE CURRENT. 

gate Nonterminal reverse current . 

CONTINUOUS DRAIN CURRENT 

DEVICE DISSIPATION: 

UptoT A = 25°C 

Above T A = 25°C derate linearly 

UptoT c = 25°C 

Above Tc = 25°C derate linearly . . . 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 seconds max 


The 3N211 is intended for use in VHF RF 
amplifiers and delivers linear, low-noise ampli- 
fication. Its extremely low feedback capaci- 
tance allows high-gain stable operation with- 
out neutralization. The 3N21 2 is specified for 
low-noise VHF mixer applications. The 
3N213 is intended for use in tuned high- 
frequency amplifiers such as TV IF strips. 


3N211,3N212 

3N213 


35 

40 

V 

35 

40 

V 

27 

35 

V 


- 10 mA 

- 10 mA 

_ 10 mA 


10 mA 

10 mA 

— -10 mA 

10 mA 

50 mA 

— 360 — mW 

— 2.4 mW/°C 

— 1.2 mW 

8 mW/°C 

-65 to +175 °C 

-65 to +200 °C 

— +300 °C 


* Forward gate-terminal current is the current into a gate terminal with a forward gate-to-source voltage applied. 
This voltage is of such polarity that an increase in its magnitude causes the channel resistance to decrease. 


TERMINAL DIAGRAM 



Bottom View 


LEAD 1 - DRAIN 
LEAD 2- GATE No.2 
LEAD 3 -GATE No.1 
LEAD 4 -SOURCE, 

SUBSTRATE AND CASE 



GATE No-l-TO-SOURCE VOLTAGE (VGIS>— V 


92CS-26I70 

Fig.3— Drain current vs. gate No. 1-to-source 
voltage for all types. 



92CS-26I68 

Fig. 1— Drain current vs. drain-to-source voltage 
for all types. 



GATE NO. 1-TO-SOURCE VOLTAGE (Vgis) — V 

92CS- 26169 

Fig.2— Drain current vs. gate No. 1-to-source 
voltage for all types. 



GATE No. 2-T0-S0URCE VOLTAGE (V G 2S> — V 

92CS-26I7I 

Fig.4— Drain current vs. gate No. 2-to-source 
voltage for all types. 


(Figures 1 — 4 are pulse tested. Pulse duration = 300 jus, duty cycle <2%.) 




3N211, 3N212,3N213 


ELECTRICAL CHARACTERISTICS, At T A = 25°C (unless otherwise specified) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-to-Source Breakdown 
Voltage, V( BR ) DS 

Iq = 10mA, 
V G1S =V G2S = _4V 

3N211 

27 

- 

V 

3N212 

27 

- 

3N213 

35 

- 

Gate No.l-to-Source Forward 
Breakdown Voltage, V^gpjQiggpl 

l G1 "10mA, V G2 s=Vds =0 

6 

- 

V 

Gate No.l-to-Source Reverse 
Breakdown Voltage, V(gp) G i5Sp1 

l G1 = -10mA, V G2 s=V DS =0 

■ 

■ 

V 

Gate No.2-to-Source Forward 
Breakdown Voltage, V(gpj G 2sSF^ 

l G2 =10mA, V G1S =V DS =0 

■ 

B 

V 

Gate No.2-to-Source Reverse 
Breakdown Voltage, V^gp) G 2SSR^ 

Iq 2 = -10mA, V G1S =V DS =0 

-6 

■ 

V 

Gate No.1 -Terminal Forward 
Current, IqiSSF 

V G is =5V » V G2S =V DS =0 

■ 

10 

nA 

Gate No.1 -Terminal Reverse 
Current, l G1SS p 

V G1S" -5V ' 
V G2S =V DS =0 

T a =25°C 

- 

-10 

nA 


- 

-10 

juA 

Gate No. 2-Terminal Forward 
Current, l G 2SSF 

v G2S =5V ' v G1S =v DS =0 

■ 

B 

nA 

Gate No. 2-Terminal Reverse 
Current, Iq2SSR 

V G2 s= -5V, 
V G1S =V DS =0 


- 

m 

nA 


- 

-10 

juA 

Zero-Gate No.1 -Voltage 
Drain Current, I 

Vds = 1 5V, V G1s -0, 
V G 2S =4V 

6 

40 

mA 

Gate No.l-to-Source Cutoff 
Voltage, V G1S(off) 

V D s =1 5V, 

v G2S =4V - 

l D =20/iA 

3N211 



V 

3N212 

-0.5 

-4 

3N213 

-0.5 

-5.5 

Gate No.2-to-Source Cutoff 
Voltage, V G2S ( 0 ff) 

V n q=15V, 

v“ s -0. 

I d =20jliA 

3N211 



V 

3N212 

-0.2 


3N213 


-4 

Small-Signal Common-Source 
Forward Transfer Admittance, 
IVfsl 1 2 3 

V n c=15V, 

v G is=o, 

V G2S =4V ' 
f=1 kHz 

3N211 

17 

40 

mmho 

3N212 

17 

40 

3N213 

15 

35 

Small-Signal Common-Source 
Reverse Transfer Capacitance, 

c rss 

V DS =15V, V G2S =4V, 
l D =1mA, f=1 MHz 

0.005 

0.05 

pF 


*ln accordance with JEDEC registration data format (JS-9 RDF-19B). 


1. All gate breakdown voltages are measured while the device is conducting rated gate current. 
This ensures that the gate-voltage-limiting network is functioning properly. 

2. This characteristic must be measured using pulse techniques (tyy = 300jus, duty cycle <2%). 

3. This characteristic must be measured with bias voltages applied for less than 5 seconds to 
avoU* ''^•heating. The signal is applied to gate No.1 with gate No.2 at ac ground. 



92CS-26I72 

Fig. 5 -\Y fs \ vs. V Q2S for 3N21 1 and 3N212. 



92CS-26I73 


Fig. 6 -\Y fs \ vs. V Q2S for 3N213. 



GATE No. I-TO-SOURCE VOLTAGE (V Gls )— V 

92CS-26I74 

Fig. 7 -\Y f$ \ vs. V Q JS for 3N2 1 1, and 3N2 12. 



GATE No. I -TO- SOURCE VOLTAGE (V G1S ) — V 


92CS-26I73 

Fig. 8- |/^| vs. V Q1S for 3N213. 
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3N211, 3N212, 3N213 


OPERATING CHARACTERISTICS at T A = 25°C 



CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Min. 

Typ. 

Max. 


3N211 | 

* 

Common-Source Spot Noise 
Figure, F 




3.5 

dB 

* 

Small-Signal Common-Source 

Insertion Power Gain, G nc 
ps 

V DD =18V, V gg = 7V, 
f = 200MHz, See Fig.9 

24 

_ 

35 

dB 

* 

Bandwidth, B 


5 

_ 

12 

MHz 

* 

Gain-Control Gate-Supply 
Voltage, VqG(GC ) 

VoD =18V ' AG ps = -^OdB, 1 
f=200MHz, See Fig.9 

0 

- 

-2 

V 

* 

Common-Source Spot Noise 
Figure, F 




_ 

4 

dB 

* 

Small-Signal Common-Source 
Insertion Power Gain, G^ 

V dd =24V, V gg = 6V, 
f=45MHz, See Fig.10 

29 

- ■ 

37 

dB 

* 

Bandwidth, B 


3.5 

- 

6 

MHz 

♦ 

Gain-Control Gate-Supply 
Voltage, V GG ( GC ) 

V DD =24V, AG ps = -30dB, 2 
f=45MHz, See Fig.10 

- 

- 

±1 

V 


3N212 | 

* 

Small-Signal Conversion 
Power Gain, G ps (conv) 

V DD = 18V , f LO =245MHz ' 3 
f RF =200MHz, See Fig.11 

21 

- 

28 

dB 

* 

Bandwidth, B 


4 

- 

7 

MHz 


3N213 | 

* 

Common-Source Spot Noise 
Figure, F 




_ 

4 

dB 

* 

Small-Signal Common-Source 
Insertion Power Gain, G ps 

V DD =24V, V gg = 6V, 
f=45MHz, See Fig.9 

27 

_ 

35 

dB 

* 

Bandwidth, B 


3.5 

— 

6 

MHz 

* 

Gain-Control Gate-Supply 
Voltage, V GG ( GC) 

V DD =24V, AG ps = — 30dB, 2 
f=45MHz, See Fig.9 





±1 

V 


*ln accordance with JEDEC registration data format (JS-9 RDF-1 9B). 2. AG ps is defined as the change in G ps from the value at V QG = 6V. 

1 . AG ps is defined as the change in G ps from the value at V GG = 7V. 3. Amplitude at input from local oscillator is adjusted for maximum 

V GG V DD G ps(conv)- 



92CM- 26 1 76 


Fig.9—200 MHz power gain, gain control voltage, and noise figure test circuit for3N21 1 *. 
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3N211, 3N212, 3N213 


470 


470 


-f- 

-i 

l 1 

I ±0001 

1 T!1 F AA 

> 5.6 < 

* 

> IOkX1 1 3N2II 

f-V'M 

I 1 390 n 

> Mfl' 

2.2 Mn 
i-A/VV^ 

< 

> 1 OR 

|—* 3N2I2 

! 'T 12 


11 I 

I j: o.ooi m f I 


J 


LEADLESS DISC CERAMIC, 0.001 M F 
LEADLESS DISC CERAMIC, 0.01 M F 

8 TURNS No. 28 WIRE , 5/32 INCH-DIA. FORM, TYPE "j" SLUG 

9 TURNS No. 28 WIRE, 5/32 INCH-DIA. FORM, TYPE "j“ SLUG 


JEDEC REGISTERED DATA - - 
JEDEC RELEASE No. 6438. 


Fig. 10-45 MHz power gain and noise figure test circuit for 3N21 1 and 3N213*. 


TEST CIRCUITS (CONT'D) 



Fig. 1 1—200 MHz-to-45 MHz circuit for conversion power gain for 3N212*. 
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40467 A 


Silicon MOS Transistor N-Channel Depletion Type 
For VHF Tuners and Other VHF Amplifier 
Applications in Industrial & Commercial Electronic Equipment 
Operating up to 220 MHz 


Device Features: 

• Low feedback capacitance - C rM = 0.25 pF typ. 

• High forward transconductance - g^ = 7500 /imho typ. 

• High vhf power gain - G ps = 16 dB typ at 200 MHz 

• Low vhf noise figure - NF ■ 3.5 dB typ at 200 MHz 

• Exceptionally good cross-modulation characteristics 


RCA-40467A is an n-channel depletion-type silicon 
insulated-gate field-effect transistor utilizing the MOS - 
construction. It is intended primarily for vhf-amplifier 
applications in industrial and commercial electronic 
equipment. 

The 40467A is useful in vhf applications requiring 
devices capable of providing high useful power gains 
at frequencies up to approximately 220 MHz. 

The 40467A features high forward transconductance, 
high dc gate-to-source resistance, and low feedback 
capacitance. Because of the improved transfer charac- 
teristic and increased dynamic range, the 40467A 
provides substantially better cross-modulation per- 
formance in linear-amplifier applications than con- 
ventional (bipolar) transistors and is free from diode- 
current loading, a problem that exists in junction type 
FET s. This device is hermetically sealed in the 
TO-72 metal case and utilizes full-gate construction. 


Maximum Ratings, Absolute-Maximum Values at T^=25°C 


DR AIN-TO- SOURCE VOLTAGE, V DS +20 V 

DRAIN-TO-GATE VOLTAGE, V DG +20 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

CONTINUOUS (dc) +1,-8V 

PEAK ac +15 V 

DRAIN CURRENT, l D 50 mA 

TRANSISTOR DISSIPATION: 

At ambient Tup to 25°C 330 mW 

temperatures ( above 25°C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65to+175°C 

Operating -65to+175°C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum 265°C 


Performance Features: 

• Large dynamic range 

• Greatly reduced spurious responses 

• Permits use of vacuum-tube biasing techniques 

• Excellent thermal stability 

• Superior cross-modulation performance and greater 
dynamic range than bipolar transistors 


TERMINAL DIAGRAM 



1 - Droin 

2 - Source 

3 - Insulated Gote 

4 - Bulk (Substrate) 


Metal-Oxide Semiconductor 


ELECTRICAL CHARACTERISTICS AT T c = 25°C WITH BULK (SUBSTRATE) CONNECTED TO SOURCE 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

f 

DC 

DRAIN- 

T0- 

S0URCE 

VOLTAGE 

Vqs 

DC 

DRAIN 

CURRENT 

»D 

RCA 

40467A 

MHz 

V 

mA 

Min 

Typ. 

Max. 

Gate-to-Source Cutoff Voltage 

V GS (o ff ) 


12 

0.1 



-8 

V 

Gate Leakage Current 

•gss 


0 

0 

V GS = +1y 
v GS =-sv 



1 

1 

nA 

nA 

Zero-Bias Drain Current 

'dss 


15 

V GS=° 

5 

15 

30 

mA 

Small-Signal, Short-Circuit 
Forward Transconductance 

8fs 

1 KHz 

15 

5 

4000 

7500 


/xmho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

C rss 

1 

15 

5 

0.12 

0.25 

0.35 

PF 

Small Signal Short-Circuit 
Input Capacitance 

C iss 

1 

15 

5 


5.5 


PF 

Input Admittance 

Y is 

Common Source Configuration 
f = 200 mHz 
V DS =15V 
Iq = 5 mA 


0.4 + j7.3 



Forward Transfer Admittance 

Y fs ' 


7 - J2 



Output Admittance 

Y os 


0.28 +J1.8 



Maximum Available Power Gain 

MAG 

200 

15 

5 


21 


dB 

Maximum Usable Power Gain 
(unneutralized) 

MUG 

200 

15 

5 


12 


dB 

Maximum Usable Power Gain 
(neutralization) 

MUG 

200 

15 

5 

12 

16 


dB 

Noise Figure 

NF 

200 

15 

5 


3 - 5 

5 

dB 


For characteristics curves, refer to types 3N128 and 3N143. 
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MOS Silicon Transistors N-Channel Depletion Types 


For RF Amplifier and Mixer Applications 
in FM and AM/FM Receivers 

RCA-40468A and 40559A are silicon insulated-gate 
field-effect transistors of the n-channel depletion type 
utilizing the MOS* construction. They are intended 
primarily for use as the rf amplifier and mixer, respec- 
tively, in FM receivers covering the 88 to 108 MHz 
band, but can be used for general amplifier applications 
at frequencies up to 125 MHz. For circuit design and 
typical performance data refer to RCA Application Note 
AN3535 “An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer”. 

The wide dynamic range of these transistors re- 
duces cross-modulation effects in AM receivers and 
minimizes the generation of spurious responses in 
FM receivers. 

Operating as a neutralized amplifier at 100 MHz, the 
40468A can provide a power gain of 17 dB (typ.). A 
power gain of 14 dB (typ.) can be realized without 
neutralization. 


Metal-Oxide- Semiconductor. 


Performance Features: 

• reduced spurious responses in FM tuners 

• reverse bias on substrate improves linearity 

• reduced cross-modulation effects in AM receivers 


Maximum Ratings, Absolute-Maximum Values at T,\ = 25°C: 


DRAIN-TO-SOURCE VOLTAGE, V DS +20 V 

DRAIN-TO-GATE VOLTAGE, V DG +20 V 

GATE-TO-SOURCE VOLTAGE, V GS : 

CONTINUOUS (dc) +1.-8 V 

PEAK ±15 v 

DRAIN CURRENT, Iq 25 mA 

TRANSISTOR DISSIPATION: 

At ambient \ up to 25°C 330 raW 

temperatures / above 25°C derate at 2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage -65 to +175 °C 

Operating -65 to + 175 °C 

LEAD TEMPERATURE (During Soldering): 

At distances not closer than 1/32 inch to 

seating surface for 10 seconds maximum . 265 C 


40468A, 40559A 

Device Features: 

• high forward transconductance - - 

gfs “ 7500 /imho typ. for 40468A 

• low feedback capacitance - - 

Crj, » 0.35 pF max. for 40468 A 
0.38 pF max. for 40559A 

• high useful power gains - - 

neutralized - 17 dB typ. 
unneutralized • 14 dB typ. 

• hermetically sealed in TO-72 metal package 


TERMINAL DIAGRAM 



LEAD 1 - DRAIN 

LEAD 2 - SOURCE 

LEAD 3 - INSULATED GATE 

LEAD 4 - BULK (SUBSTRATE) AND CASE 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

With Bulk (Substrate) Connected to Source Unless Otherwise Specified 


Characteristics 

Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Frequency 

f 

DC 

Drain-to- 

Source 

VDS 

DC 

Drain 

Current 

ID 

RCA-40468A 
RF Amplifier 

RCA-40559A 

Mixer 

MHz 

V 

mA 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Drain-to-Source Cutoff Current 

iD(off) 


12 

VGS = *8V 



100 



500 


Gate Leakage Current 

•gss 


0 

0 

VGS = *8V 
VqS = +iv 



1. 

1 

• 

. 

1 

1 

nA 

nA 

Zero-Bias Drain Current 

•dss 


15 

VGS = 0 

5 

15 

30 

5 

15 

30 

mA 

Small-Signal, Short-Circuit 
Forward Transconductance 

gfs 

1 kHz 

15 

5 


7500 





/imho 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate) 

Crss 

1 

15 

5 


0.25 

0.35 


0.25 

0.38 

PF 

Input Capacitance 

Ciss 

1 

15 

5 


5.5 



5.5 


PF 

Admittance 

- 

RF | Mixer 


RF 

Mixer 

- 

- 

- 

Input Admittance 

Vis 

100 MHz 

15 

5 

3 

0.155 +j 3.45 

0.14 + j 3.38 

mmho 

Forward Transfer Admittance 

Yfs 

100 MHz 

15 

5 

3 

7.4 +j 0.9 


mmho 

Output Admittance 

Yos 

100 10.7 

MHz MHz 

15 

5 

3 

0.21 +j 0.9 

0.076 + j 0.153 

mmho 

Forward Conversion Transconductance 

gfs(c) 

1 kHz 

15 

3 




- 

2800* 


/imho 

Maximum Available Power Gain 

MAG 

100 

15 

5 


26 





dB 

Maximum Usable Power Gain 
(Unneutralized) 

MUG 

100 

15 

5 

. 

14 


- 



dB 

Maximum Usable Power Gain 
(Neutralized) 

MUG 

100 

15 

5 

14 

17 





dB 

Maximum Available Conversion 
Gain 

MAG C 

fin = 10.0 

fout =10.7 

15 

3 





22 


dB 

Noise Figure 

NF 

100 

S 15 

5 


3.5 

5 




dB 


* Bulk (Substrate) -to-Source Volts (Vb$) = -3. 


For characteristics curves, refer to types 3N128 and 3N143. 




40600, 40601, 40602 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 

N-Channel Depletion Types 
For VHF TV Receiver Applications 


RCA 40600, 40601, and 40602 are n-channel de- 
pletion type, dual-insulated-gate, field-effect transistors 
utilizing the MOS construction. These devices have char- 
acteristics which make them highly desirable for rf-ampli- 
fier applications (40600), mixer applications (40601), 
and first-if-amplifier applications (40602) in vhf TV re- 
ceivers and other types of commercial equipment oper- 
ating at frequencies up to approximately 250 MHz. 

These transistors feature a series arrangement of 
two separate channels, each channel having an inde- 
pendent control gate. In amplifier applications the 40600 
and 40602 with their wide dynamic range provide sub- 
stantially better cross-modulation performance than is 
obtainable with bipolar or single-gate field-effect tran- 
sistors. In mixer applications the 40601 provides ex- 
cellent isolation between the oscillator and rf signals 
because each of the two signal frequencies being mixed 
has its own control element. The wide dynamic range 
of the 40601 minimizes cross-modulation which is gener- 
ally encountered in mixer stages. 

Provision of two insulated gates also results in 
extremely low feedback capacitances (0.02 pF typ.), a 
feature which enables the 40600 and 40602 to provide 
high maximum useable power gains in unneutralized 
circuits - for example, 20 dB at 200 MHz typ? for the 

ELECTRICAL CHARACTERISTICS, at T A = 25°C 


40600, and 35 dB typ. at 44 MHz for the 40602. The 
gain of the rf and if stages can be controlled by apply- 
ing age voltage to gate No. 2 and age delay is easily ob- 
tained. Virtually no age power is required for full gain 
reduction. 

Types 40600, 40601, and 40602 are hermetically 
sealed in metal JEDEC TO-72 packages. 


APPLICATIONS 

• VHF TV Receiver 

40600 (or rf amplifier applications 

40601 for mixer applications 

40602 for first-if-amplifier applications 


PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar and single-gate field-effect 
transistors 

• permits use of vacuum-titbe biasing techniques 

• excellent thermal stability 


DEVICE FEATURES 

• extremely low feedback capacitance 

C rss = 0 02 PF tyP- 

• high power gain 

MUG„ = 20 dB typ. for 40600 
MAG = 35 dB typ. for 40602 
MAG C = 14 dB typ. for 40601 


TERMINAL DIAGRAM 


Load 1 — Drain 

Lead 2 — Gale No. 2 

Lead 3 — Gale No. 1 

Lead 4 — Source, Subitrote and Cote 


Maximum Ratings, Absolute-Maximum Values at T 4 = 25°C: 

DRAIN-TO-SOURCE VOLTAGE, V D s 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G 1S: 

Continuous (dc) +1 to -8 V 

Peak ac +20 to -8 V 

GATE No. 2 -TO-SOURCE VOLTAGE, V G 2 s: 

Continuous (dc) -8 to 407. of VfcS V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, VDG1 or VdG2- +20 V 

DRAIN CURRENT, I D (Pulsed): 

Pulse duration ^20 ms, 

duty factor Z 0.15 50 mA 

TRANSISTOR DISSIPATION, P T : 



CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

40600, 40601, 40602 
Min. j Typ. J Max. 

UNITS 

Gate No.l-to-Source Cutoff Voltage 

VGlS(off) 

VqS = + 15V, Id = 200 mA 
VG2S = +4V 


-2 


V 

Gate No.2-to-Source Cutoff Voltage 

v G2S(off) 

V D s =+ 15V, tt) = 200 mA 
VqIS = 0 


•2 


V 

Gate No.l Leakage Current 

<G1SS 

VG1S = -20V, Vq2S =0, VQS =0 



1 

nA 

Gate No. 2 Leakage Current 

IG2SS 

Vq2S = -20V, VgIS =0. VqS =0 



1 

nA 

Drain Current 

<DSS 

VQS = +13V, VGIS = 0. V G 2S = +4V 


18 

- 

mA 

Forward Transconductance 

*fs 

Vos = + 13V, ID = 10 mA 
VG2S = +4V, f = 1 kHz 


10000 

- 

/imho 


TYPICAL PERFORMANCE CHARACTERISTICS, at T A = 25°C 



At ambient (up to 25®C 400 mW 

temperatures J above 25°C . .derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32" from seating 

surface for 10~ seconds max 265 °C 



* Tubular ceramic. 

* Disk ceramic. 

* Ferrite bead (Vi used); Indiana General No. H1742C-(A-147) 

01 F1157-1-H, or equivalent. 

Ci, C 2 : 1-5-5 pF variable air capacitor: E. F. Johnson Type 160-10?, 
or equivalent. 

C 3 : 1-10 pF piston-type variable air capacitor: JFD Type VAM-010, 
Johanson Type 4335, or equivalent. 

C 4 : 0.3-3 pF piston-type variable air capacitor: Roanwell Type 
MH-13, or equivalent. 

Lj: 5 turns silver-plated 0.02" thick, 0.07"- 0.08"wide copper 
ribbon. Internal diameter of winding = 0.25"; winding 
length approx. 0.65". Tapped at 1-1/2 turns from Cl end 
of winding. 

L 2 : Same as Lj except winding length approx. 0.7"; no tap. 

Fig.l - 200 M Hi Power Cain and Noise Figure Test Circuit 
for 40600 and 40602 

For characteristics curves, refer to type 3N140. 
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40603 , 40604 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTORS 

N-Channel Depletion Types 
For FM Tuner Applications 


PERFORMANCE FEATURES 

• large dynamic range permits large-signal handling be- 
fore overload 

• dual gates allow product mixing with extremely low 
harmonic generation 


RCA 40603 and 40604 are n-channel silicon, deple- 
tion type, dual insulated-gate, field-effect transistors 
utilizing the MOS construction. 

These devices have exceptional characteristics for 
rf-amplifier (40603) and mixer applications (40604) in 
FM tuners and other commercial equipment operating 
at frequencies up to approximately 150 MHz. These tran- 
sistors feature a series arrangement of two separate 
channels, each channel having an independent control 
gate. For amplifier applications the 40603 with its wide 
dynamic range provides substantially better cross-modu- 
lation performance and relative freedom from spurious 
responses than is obtainable with bipolar or single-gate 
field-effect transistors. The mixing function performed 
by the 40604 is unique in that the signal applied to gate 
No. 2 is used to modulate the input-gate (gate No. 1) 
transfer characteristic. This technique is superior to 
conventional “squhre law" mixing, which can only be 
accomplished in the non-linear region of the device trans- 
fer characteristic. 

Because of the low feedback capacitance (0.02 typ. 
pF) the 40603 can provide a power gain of 25 dB (typ.) 
at 100 MHz in an unneutralized amplifier circuit. 

The gain of the rf stage can be controlled by apply- 
ing age voltage to gate No. 2. Virtually no age power is 
required for full gain reduction. 

The 40603 and 40604 are hermetically sealed in 
JEDEC TO-72 packages. 


Maximum Ratings, Absolute-Maximum Values at Tj\ = 25°C: 
DRAIN -TO-SOURCE VOLTAGE, V DS .... 0 to +20 V 

GATE No. 1-TO-SOURCE VOLTAGE, V G ls: 

Continuous (dc) -8 to + 1 V 

Peak ac -8 to +20 V 

GATE No. 2-TO-SOURCE VOLTAGE, V G 2S= 

Continuous (dc) -8to40%ofV P S V 

Peak ac -8 to +20 V 

DRAIN-TO-GATE VOLTAGE, 

V PG 1 or VDG2 +20 V 

DRAIN CURRENT, I D (Pulsed): 

Pulse duration A 20 ms, 

duty factor Z 0. 15 50 mA 

TRANSISTOR DISSIPATION, Pt: 

At ambient I up to 25°C 400 mW 

temperatures ( above 25°C derate linearly at 

2.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances > 1/32" from seating 

surface for ltTseconds max 265 °C 


• greatly reduces spurious responses in FM receivers 

• permits use oF vacuum-tube biasing techniques 

• excellent thermal stability 

• superior cross -modulation performance and greater dy- 
namic range than bipolar and single-gate field-effect 
transi stors 


DEVICE FEATURES 

• extremely low feedback capacitance 

C rss = 0.02 pF typ. 

• high unneutralized RF power gain 

MUG = 25 dB (typ.) for 40603 

• low noise figure 

NF = 2.5 dB typ. for 40603 



ELECTRICAL CHARACTERISTICS, at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

40603 

RF AMPLIFIER 

40604 

MIXER 

Typ. 

Max. 

Typ. 

Max. 

Gate No.l-to-Source Cutoff 
Voltage 

v GlSf° ,f ) 

V DS = +15 V, l D = 200 mA 
VG2S = +4 V 

-2 

- 

-2 

- 

V 

Gate No.2-to-Source Cutoff 
Voltage 

v G2S(° f< ) 

Vos = +15 v, l 0 = 200 mA 
V G 1S = 0 

-2 


-2 


V 

Gate No.l Leakage Current 

•giss 

VgiS = *20 V, Vg2S = 0,VDS = 0 


1 

- 

1 

nA 

Gate No. 2 Leakage Current 

•G2SS 

V G2S = -20 V, V G ls = 0, Vq S = 0 

- 

l 

- 

l 

nA 

Zero-Bias-Voltage Drain Current 

•dss 

V G 2S = +4 V. Vqis = 0, V D S = +13 V 

18 


18 

- 

mA 

Small-Signal, Short-Circuit 
Reverse-Transfer Capacitance 
(Drain-to-Gate-No. 1) 

c rss 

Vos = +13 V, Iq = 10 mA, f = 1 MHz 
V G2S = +4 v 

0.02 

0.03 

0.02 

0.03 

pF 

Input Capacitance 

c iss 

V DS = +13 V, l D = 10 mA 
V G2 s = +4 V, f = 1 MHz 

5.5 


5.5 

- 

pF 

Output Capacitance 

C oss 

V DS = +13 V, l D = 10 mA 
VG2S = +4 V, f = 100 MHz 

2.1 


2.3 


pF 

Input Resistance 

'is 

V DS = +13 V, l D = 10 mA 
V G 2S = V, f = 100 MHz 

3.5 

- 

3.5 

" 

kfi 

Output Resistance 

r os 

VpS ” +13V f = 100 MHz 

4 


- 


kO 

VQ2S r + 4V f = 10.7 MHz 

" 

- 

20 


kO 

Forward Transconductance 

ifs 

Vos = +13 v, l D = 10 mA 
V G 2S = +4 V, f = 1 kHz 

10,000 

- 

2800* 


/jmho 

Maximum Available Power Gain 

MAG 

V DS = +13 V, l D = 10 mA 
V G 2S = +4 V 

f - 100 MHz, f out for 40604 
(mixer) = 10.7 MHz 

26 

- 

21 


dB 

Maximum Uaable Power Gain 
(Unneutralized) 

MUG 

25 A 




dB 

Noise Figure 

NF 

2.5 




dB 


* conversion transconductance 

A ot limited — r ~ ^design considerations 


For characteristics curves, refer to type 3N140. 


465 





40673 


SILICON DUAL INSULATED-GATE FIELD-EFFECT TRANSISTOR 
N-Channel Depletion Type With Integrated 
Gate -Protection Circuits 

For RF Amplifier Applications up to 400 MHz 


APPLICATIONS 

• RF amplifier, mixer, and IF amplifier 
in military, industrial, and consumer 
communications equipment 

• aircraft and marine vehicular receivers 

• CATV and MATV equipment 


RCA-40673 is an n-channel silicon, depletion type, dual 
insulated-gate field-effect transistor. 

Special back-to-back diodes are diffused directly into tjie 
MOS* pellet and are electrically connected between each 
insulated gate and the FET’s source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts. This protects the gates against damage in all 
normal handling and usage. 

A feature of the back-to-back diode configuration is that it 
allows the 40673 to retain the wide input signal dynamic 
range inherent in the MOSFET. In addition, the low junction 
capacitance of these diodes adds little to the total 
capacitance shunting the signal gate. 

The excellent overall performance characteristics of the 
RCA-40673 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 400 MHz. The two 
serially-connected channels with independent control gates 
make possible a greater dynamic range and lower cross- 
modulation than is normally achieved using devices having 
only a single control element. 

The two gate arrangement of the 40673 also makes possible a 
desirable reduction in feedback capacitance by operating in 


the common-source configuration and ac-grounding Gate No. 
2. The reduced capacitance allows operation at maximum 
gain without neutralization; and, of special im- 
portance in rf-amplifiers, it reduces local oscillator 
feedthrough to the antenna. 

The 40673 is hermetically sealed in the metal JEDEC TO-72 



*M«UI*Oxlde-Semlconductor. 


Maximum Ratings Absolute-Maximum Values, at Ta = 25°C 
DRAIN-TO-SOURCE VOLTAGE, Vqs • -0.2 to +20 V 

GATE No.l-TO-SOURCE VOLTAGE, Vqis: 

Continuous <dc) -6 to +1 V 

Peak ac -6 to +6 V 

GATE N0.2-TO-SOURCE VOLTAGE, Vq2S: 

Continuous (dc) -6 to 30% of V qs V 

Peak ac -6 to +6 V 

DRAIN-TO-GATE VOLTAGE, 

Vqgi OR VQG2 +20 V 

DRAIN CURRENT, In BO mA 

TRANSISTOR DISSIPATION, Pj: 

At ambient I up to 25°C 330 mW 

temperatures ) above 25°C ..... derate linearly at 
2.2 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Storage and Operating -65 to +175 °C 

LEAD TEMPERATURE (During soldering): 

At distances^ 1/32 Inch from 

seating surface for 1 0 seconds max . 266 °C 


• telemetry and multiplex equipment 

PERFORMANCE FEATURES 

• superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

• wide dynamic range permits large-signal handling 
before overload 

• dual-gate permits simplified age circuitry 

• virtually no age power required 

• greatly reduces spurious responses in fm receivers 

• permits use of vacuum-tube biasing techniques 

• excellent thermal stability 

DEVICE FEATURES 

• back-to-back diodes protect each gate against 

handling and in-circuit transients 

• low gate leakage currents 

•G1SS & ( G2SS = 20 nAfmax.) at Ta = 25°C 

• high forward transconductance — — 

gf s = 12,000 pmho (typ.) 



• high unneutralized RF power gain 

Gps = 18 dBftyp.) at 200 MHz 

• low VHF noise figure 3.5 dBftyp.) at 200 MHz 



#Ferrite bead (4); Pvroferric Co. “Carbonyl J“ Q * 40673 
0.09 in. 0D; 0.03 in. ID; 0.063 in. thickness. T Disc ceramic. 

All resistors in ohms ♦Tubular ceramic. 

All capacitors in pF 

Cj; 1 . 8 - 8.7 pF variable air capacitor: E.F. Johnson Type 160-104, 
or equivalent 

C 2 : 1.5- 5 pF variable air capacitor: E.F. Johnson Type 160-102, 
or equivalent 

C 3 : 1- 10 pF piston-type variable air capacitor: JFD Type VAM-010; 
Johanson Type 4335, or equivalent. 

C 4 : 0.8- 4.5 pF piston type variable air capacitonErie 560-013 or 
equivalent. 

Lj: 4 turns silver-plated 0 . 02 -in. thick, 0.075-0.085-in. wide, copper 
ribbon. Internal diameter of winding - 0.25 in, winding length 
approx. 0.80 in. 

L?: 4^ turns silver-plated 0 . 02 -in. thick, 0.085-0.095-in. wide, 5/16-in. 
ID. Coil - .90 in. long. 

Fig. 7. 200-MHz Power gain and noise- 
figure test circuit 
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Silicon DuaMnsulated-Gate Field-Effect Transistor 


<i>Channel Depletion Type 

With Integrated Gate-Protection Circuits 
For RF Amplifier Applications up to 250 MHz 

RCA-40819 is an n-channel silicon, depletion type, dual in- 
sulated-gate field-effect transistor (FET). 

The excellent overall performance characteristics of the 
RCA-40819 make it useful for a wide variety of rf-amplifier 
applications at frequencies up to 250 MHz. The two serially- 
connected channels with independent control gates make 
possible a greater dynamic range and lower cross-modula- 
tion than is normally achieved using devices having only a 
single control element. 


The two-gate arrangement of the 40819 also makes possible 
a desirable reduction in feedback capacitance by operating 
in the common-source configuration and ac grounding Gate 
No. 2. The reduced capacitance allows operation at maxi- 
mum gain without neutralization and reduces local oscillator 
feedthrough to the antenna - features of special importance 
in rf and if amplifiers, 

Special back-to-back diodes are diffused directly into the 
MOS pellet and are electrically connected between each 
insulated gate and the FET's source. The diodes effectively 
bypass any voltage transients which exceed approximately 
±10 volts and protect the gates against damage in all normal 
handling and usage. 


ELECTRICAL CHARACTERISTICS, at T A = 25° C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Gate-No. 1-to-Source Cutoff Voltage 

VGIS(off) 

VdS = +15V, I D = 200/jA 
Vq2S = +4 V 

- 

-2 

-4 

V 

Gate-No. 2-to-Source Cutoff Voltage 

VG2S(off) 

VqS = + 15V, lg = 200 pA 

vgis = o 

- 

-2 

-4 

V 

Gate-No. 1-Leakage Current 

IG1SS 

VqiS = ±6V 
VDS = 0. VQ2S = 0 

- 

- 

50 

nA 

Gate-No. 2-Leakage Current 

•G2SS 

V G 2S = ±6V 

VdS = Vq is = 0 

- 

- 

50 

nA 

Zero-Bias Drain Current 

>DSS 

Vds = + 15 V 

VG2S = + 4V, Vgis = 0 

5 

15 

35 

mA 

Forward Transconductance (Gate-No. 1 -to-D rain) 

9fs 

VdS = +15 V, Iq = 10 mA 
VG2S = +4 V, f = 1kHz 

- 

12,000 

- 

pmho 

Small-Signal, Short-Circuit Input Capacitancet 

C iss 



6 

- 

PF 

Small-Signal, Short-Circuit, 
Reverse Transfer Capacitance 
(Drain-to-Gate No.1)* 

Crss 

VdS = + 15 V, l D = 10 mA 
VG 2 S = + 4 V, f = 1 MHz 

0.005 | 

0.02 

0.03 

PF 

Small-Signal, Short-Circuit Output Capacitance 

c oss 


- 

2 

- 

pF 

Power Gain (see Fig. 1) 

5 PS 


14 

18 

- 

dB 

Maximum Available Power Gain 

MAG 


- 

20 

- 

dB 

Maximum Usable Power Gain (unneutralized) 

MUG 

VdS = + 15 V.Iq = 10 mA 
VG2S = + 4 V,f = 200 MHz 

- 

20* 

- 

dB 

Noise Figure (see Fig. 1) 

NF 


3.5 

6.0 

dB 

Magnitude of Forward Transadmittance 

|Y fs l 

- 

12,000 

- 

pmho 

Phase Angle of Forward Transadmittance 

0 


- 

-35 

- 

degrees 

Input Resistance 

r iss 


- 

1 

- 

k n 

Output Resistance 

r oss 


- 

2.8 

- 

kn 

Protective Diode Knee Voltage 

Vknee 

I diode (reverse) = ±100/^ 

- 

±10 

- 

V 


* Limited only by practical design considerations. t Capacitance between Gate No.1 and all other terminals. 

A Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 



#Ferrite bead (4); Pyroferric Co. Q = 40673 

"Carbonyl J" 0.09 in OD; 0.03 ▼ Disc ceramic, 

in ID; 0.063 in thickness. * Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci : 1.8 — 8.7 pF variable air capacitor: E, F. Johnson 

Type 160-104, or equivalent. 

C 2 ' 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 
160-102, or equivalent. 

C 3 : 1 - 10 pF piston-type variable air capacitor: JFD 

Type V AM-010; Johanson Type 4335, or equivalent. 

C 4 : 0.8 — 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 

wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L 2 : 4-1/2 turns silver-plated 0.02 in thick, 0.085-0.095- 

in wide, 5/16-in; ID Coil = .90 in long. 


Fig. 1. 200 MHz power gain and noise figure test circuit 


For characteristics curves, refer to type 3N187. 


40819 

The back-to-back diode configuration permits the 40819 to 
retain the wide input signal dynamic range inherent in the 
MOSFET. In addition, the low junction capacitance of these 
diodes adds little to the total capacitance shunting the signal 
gate. 

The 25-volt drain-to-source rating permits the use of higher 
voltage power supplies. 

The 40819 is hermtically sealed in the metal JEDECTO-72 
package. 

TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 • GATE No.2 
LEAD 3 - GATE No .1 
LEAD 4 -SOURCE, 

SUBSTRATE, AND CASE 



Device Features 

■ back-to-back diodes protect each gate against handling and 
in-circuit transients 

■ high forward transconductance: gf s = 12,000 /imho (typ.) 

■ high unneutralized RF power gain: G ps = 18 dB (typ.) at 
200 MHz 

■ low VHF noise figure: 3.5 dB (typ.) at 200 MHz 

■ low gate leakage currents: IG1SS & •G2SS = 50 nA at T A = 25° C 

■ increased drain-to-source voltage rating: Vqs = -0.2 to +25 V 


Performance Features 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

■ wide dynamic range permits large-signal handling before 
overload 

■ virtually no age power required 

■ greatly reduces spurious responses in FM receivers 

■ dual gate permits simplified AGC circuitry 


Applications 

■ RF amplifier, mixer, and IF amplifier in military, 
industrial, and consumer communications equipment 

■ aircraft and marine vehicular receivers 

■ CATV and MATV equipment 

■ telemetry and multiplex equipment 


Absolute Maximum Values, at T ^ = 25° C: 


Drain-to-Source Voltage, Vqs 

Gate Terminal Current, 

l G1S or >G2S 

Drain-to-Gate Voltage, 

Vqgi or V D Q 2 

Drain Current, Iq 

Transistor Dissipation, Py: 

At T a up to 25°C 

At T A above 25°C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 
At distances 1/32 in from seating 
surface for 10 s max 


-0.2 to +25 V 

+100 pA 

+31 V 

50 mA 

330 mW 

derate linearly 2.2 mW/°C 

-65 to +175 o c 

265 oc 


Maximum Ratings 

Continuous Working Voltage at T& = 25° C: 

Gate No.l-to-Source Voltage, Vqis • • -6 to +3 V 

Gate No. 2-to-Source Voltage, Vq 2S • • -6 to +6 or V 

40% of Vqs 
( whichever value is less) 

Drain-to-Gate Voltage, Vqqi or 

V DG2 +25 V 


Continuous Working Voltage Ratings must De observeo tu maintain 
device characteristics. These ratings are based on long-term con- 
tinuous voltage operation but may be exceeded for short durations 
(e.g. testing of device characteristics), provided the absolute Maxi- 
mum Ratings are not exceeded. 


I 
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40820 , 40821 


Silicon Dual-Insulated -Gate Field-Effect Transistors 

N-Channel Depletion Types 

Device Features 

■ back-to-back diodes protect each gate against handling and in-circuit transients 

■ high forward transconductance: gf s = 12,000 /imho (typ.) 

■ high unneutralized RF power gain: G ps = 17 dB (typ.) at 200 MHz (40820) 

■ low VHF noise figure: 3.5 dB (typ.) at 200 MHz (40820) 

■ low gate leakage currents: I G1SS & ! G2SS = 50 nA 


With Integrated Gate-Protection Circuits 
For VHF-TV Tuner Applications 

40820- RF Amplifier 40821 - Mixer 


RCA-40820 and 40821 are n-cnannel silicon, depletion type, 
dual-insulated-gate, MOS A field-effect transistors for RF 
amplifier (40820) and mixer (40821) applications in 
VHF-TV receivers and other commercial equipment 
operating at frequencies up to 250 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no AGC power is required because of the high gate 
input resistance of the MOS FET types. Automatic AGC 
delay can be achieved with a very slight change in the input 
impedance by the application of AGC voltage to Gate No. 2. 


Performance Features 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET s 

■ wide dynamic range permits large-signal handling 
before overload 

■ virtually no age power required 

■ dual gate permits simplified AGC circuitry 

The dual-gate arrangement also makes it possible to isolate 
the local oscillator signal from the incoming signal by 
applying each signal to a separate gate. 

Integral back-to-back diodes protect the gates against damage 
in normal handling and usage by limiting transient voltages 
that exceed ±10 volts. The 40820 and 40821 are hermeti- 
cally sealed in metal JEDEC TO-72 packages. 


TERMINAL DIAGRAM 

LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE , AND CASE 



* Metal-Oxide-Semiconductor. 


Maximum Ratings 

Continuous Working Voltage#, at T A = 25°C: 

Gate No. 1-to-Source Voltage, Vqis 

Gate No. 2-to-Source Voltage, V G 2S 

Drain-to-Gate Voltage, Vqqj or Vq G 2 

Absolute Maximum Values, at T A = 25° C: 

Drain-to-Source Voltage, Vpg 

Gate Terminal Current, Iqis or *G2S 

Drain-to-Gate Voltage, Vqq-j or Vp G 2 

Drain Current, Ip 

Transistor Dissipation: 

At T/^ up to 25° C 

At T^ above 25° C 

Ambient Temperature Range: 

Operating and Storage 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 



V 

V 

V 


V 
MA 

V 
mA 


mW 



- Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratingsare 
not exceeded. 



Q = 40821 

▼Disc, ceramic. 

* Tubular ceramic. 

All resistors in ohms 

All capacitors in pF 

Ci, C2 : 1.5—5 pF variable air capacitor: E.F. Johnson Type 
160-102 or equivalent. 

C3: 1-IOpF piston-type variable air capacitor: JFD Type 
VAM-010, Johanson Type 4335, or equivalent. 

C4: 0.9-7 pF compression-type capacitor: ARCO 400 
or equivalent. 

Li : 5 turns silver-plated 0.02" thick, 0.07"-0.08" wide 
copper ribbon. Internal diameter of winding = 
0.25"; winding length approx. 0.65". Tapped at 
1-1/2 turns from Ci end of winding. 

L2: Ohmite Z-235 RF choke or equivalent 

L3: J. W: Miller Co. #4580 0.1 juH RF choke or 
equivalent. 

Note: If 50fi meter is used in place of sweep detector, a 

low pass filter must be provided to eliminate local 
oscillator voltage from load. 


Fig. 1 - Conversion power gain test circuit for type 40821. For characteristics curves, refer to type 3N187. 
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40820,40821 


ELECTRICAL CHARACTERISTICS at T A = 25°C 






LIMITS 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

40820 

40821 

UNITS 





Mm. 

Tvp. 

Max. 

Min. 

Typ. 

Max. 


Gate No 1 to Souice Cutoff Voltage 

v G1S(ofl) 

Vqs“ + 1 5 V, Iq“ 200pA , Vq2S” +4v 

- 

- 1 

-3 

- 

-1 

-3 

V 

Gate No ? to Souice Cutoff Voltage 

v G2S(otf> 

V DS « +15V,I d -200mA,V g1s -0 

- 

-1 

-3 

- 

-1 

-3 

V 

Gate to Source Forward Breakdown Voltage 
Gate No 1 

V IBRIG1SSF 

'gissf 

'G2SSF 

V G2S V DS 0 


9 

_ 

- 

11 

. 

V 

Gate No 2 

V IBRIG2SSF 

100 pA 

v GfS V DS 0 

- 

9 

- 

- 

11 

- 

V 

Gate to Source Reverse Breakdown Voltage 

Gate No 1 

V IBR)G1SSR 

'GISSR 

V G2S V 0S ° 


9 


_ 

11 


V 

Gate No 2 

V (BR)G2SSR 

100 p A 

V G1S V DS 0 


9 



11 


V 



V DS V G2S 0 

V G1S 6 V 



50 


- 

- 

nA 


'G1SSF 

V G fS 45 V 


- 


- 

- 

50 

nA 


'gissr 

v DS v G2S 0 

V G1S 6 V 


•- 

50 




nA 

Gate No. 1 Teimmal Reverse Cuire.it 

V G 1S 45 V 






50 

nA 

Gate No. 2 Terminal Forward Current 

'G2SSF 

V DS V G1S 0 

V G 2S 6 v 



50 




nA 

V G2S 45 V 






50 

nA 

Gate No. 2-Terminal Reverse Current 

'G2SSR 

V DS V G1S 0 

V G2S -6 V 

J 

- 

50 

. 

__ . 


nA 

V G 2S 4 5 V 

ZJ 

- 



- 

50 

nA 

Zero Bias Dram Current 

'DS 

V DS ,15v / v G1S 

, °. V G2S ,4 V 

ZJ 

8 

15 

0 5 

8 

20 

mA 

Forward Transconductance 
(Gate No. 1-to-Drainl 

9fs 


. 1 k H / 


12000 



12000 

- 

pmho 

Small Signal, Short Circuit Input Capacitance* 

C.ss 




6 

8 5 


6 

9 

pF 

Small Signal, Short Circuit, Reverse Transfer 
Capacitance (Dram to Gate No 11* 

C rss 

V DS * 16v 
l D 10mA 

V G2S 

f 1 MH/ 

0 005 

0 02 

0 03 

0 005 

002 

0 04 

pF 

Small Signal, Short Circuit Output Capacitance 

Coss 



2 

- 


2 

- 

pF 

Power Gain (see Fig. 6) 

G PS 



14 

17 


- 



dB 

Noise Figure (see Fig. 6) 

NF 


f 200 MH/ 

- 

4 5 

6 

- 

- 


dB 

Conversion Gain 

G PS(C) 


t 200/44 MH/ 


- 

- 

11 

- 

" 

dB 


♦ Capacitance between Gate No 1 and all other terminals * Three terminal measurement with Gate No. 2 and Source returned to guard terminal. 



“Ferrite bead (4); Pyroferric Co. 
“Carbonyl J” 0.09 in OD; 0.03 
in ID; 0.063 in thickness. 


Q = 40820 
▼ Disc ceramic. 

* Tubular ceramic. 


All resistors in ohms 

All capacitors in pF 

Cl : 1.8 - 8.7 pF variable air capacitor: E. F. Johnson 

Type 160-104, or equivalent. 

C2: 1.5 - 5 pF variable air capacitor: E. F. Johnson Type 

160 102, or equivalent. 

C3: 1 — 10 pF piston-type variable air capacitor: JFD 

Type V AM-010; Johanson Type 4335, or equivalent. 

C4: 0.8 - 4.5 pF piston type variable air capacitor: Erie 

560-013 or equivalent. 

Li: 4 turns silver-plated 0.02-in thick, 0.075-0.085 in 

wide, copper ribbon. Internal diameter of winding = 
0.25 in, winding length approx. 0.80 in. 

L2: 4-1/2 turns silver plated 0.02 in thick, 0.085-0.095 

in wide, 5/16-in; ID Coil ~0.90 in. long. 


Fig. 2 - 200 MHz power gain and noise figure test circuit for type 40820. 


Table 1 — y parameters vs. frequency 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (MHz) 

UNITS 

50 

100 

200 

250 

Y Parameters 







Input Conductance 

9is 

0.08 

0.33 

1.0 

1.6 

mmho 

Input Susceptance 

bis 

1.8 

3.6 

7.5 

9.8 

mmho 

Magnitude Forward Transadmittance 

IVfsl 

12 

12 

12 

12.3 

mmho 

Angle of Forward Transadmittance 

<Vfs 

-2 

-13 

-35 

-45 

degrees 

Output Conductance 

9os 

0.10 

0.18 

0.36 

0.42 

mmho 

Output Susceptance 

bos 

0.5 

1.0 

2.0 

2.6 

mmho 

Magnitude of Reverse Transadmittance 

lYrsI 

8 

12 

25 

40 

pmho 

Angle of Reverse Transadmittance 

<Yrs 

-88 

-73 

-25 

-10 

degrees 
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40822-40823 


Silicon Dual-Insulated -Gate Field-Effect Transistors 


N-Channel Depletion Types 

With Integrated Gate-Protection Circuits 
For FM Tuner Applications 

40822 - RF Amplifier 40823- Mixer 

RCA-40822 and 40823 are n-channel silicon, depletion type, 
dual-insulated-gate, field-effect transistors for RF amplifier 
(40822) and mixer (40823) applications in FM receivers and 
other commercial equipment operating at frequencies up to 
150 MHz. 

These devices designed for VHF performance, provide 
excellent power gain, low-noise figures and have wide 
. dynamic range. The dual-gate feature offers good cross- 
modulation performance over the AGC range and reduces 
feedback capacitance by shielding Gate No. 1 from the drain. 
The very low feedback capacitance also eliminates the need 
for circuit neutralization and reduces local oscillator feed- 
through to the antenna. 

Virtually no power is required in AGC utilizing the 40822 
and 40823. In addition, these devices minimize input 
impedance variations and automatically achieve AGC delay 
when AGC is applied to Gate No. 2. The dual-gate 
Maximum Ratings 

Continuous Working Voltage #, at T A - 25° C: 

Gate No. 1-to-Source Voltage, Vqjs 


Performance Features ■ | 0W gat 

■ superior cross-modulation performance and greater 
dynamic range than bipolar or single-gate FET's 

■ wide dynamic range permits large-signal handling 
before overload 

■ virtually no age power required 

■ greatly reduces spurious responses in FM receivers 

■ dual gate permits simplified AGC circuitry 

arrangement also makes it possible to isolate the local 
oscillator signal from the incoming signal by applying each 
signal to a specific gate. 

Back-to-back diodes, diffused directly into the MOS pellet, 
protect the gates against damage in normal handling and 
usage by limiting transient voltages that exceed +10 volts. 
The 40822 and 40823 are hermetically sealed in metal 
JEOEC TO-72 packages. 


Device Features 

■ back-to-back diodes protect each gate against handling and in-circuit transients 

■ high forward transconductance: gf s = 12,000 pmho (typ.) 

■ high unneutralized RF power gain: G ps = 24 dB(typ.) at 100 MHz (40822) 

■ low VHF noise figure: 2 dB (typ.) at 100 MHz (40822) 

■ low gate leakage currents: IqisS & *G2SS * 50 nA at T ^ “ 25°C 


Drain-to-Gate Voltage, Vqq-j or V GG 2 +20 

Absolute Maximum Values, at T A = 25? C: 

Drain-to-Source Voltage, Vqs -0.2 to +18 

Gate Terminal Current, Iq-js or Iq2S *100 

Drain-to-Gate Voltage, V 0G1 or Vdq 2 +24 

Drain Current, Ip 50 

Transistor Dissipation: 

At T^ up to 25° C 330 

At T^ above 25° C derai 

Ambient Temperature Range: 

Operating and Storage -65 to +175 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating 

surface for 10 s max 265 


40822 

40823 


-6 to +3 

-4.5 to +3 

V 

• 40% of Vnc -4.5 to +4.5 

0 

0 

< 

0 

cn 

V 

ter value is less) (whichever value is less) 


+20 

+20 

V 

-0.2 to +18 

-0.2 to +18 

V 

±100 

±100 

pA 

+24 

+22.5 

V 

50 

50 

mA 

330 

330 

mW 

derate linearly 2.2 mW/° C 



-65 to +175 

-65 to +175 

°C 

265 

265 

°C 



1 .3-5 pF variable air capacitor: E.F. Johnson Type 160-102 or 
equivalent. 

2.7-19.6 pF variable air capacitor: E.F. Johnson Type 
160-1 10 or equivalent. 

80 pF max. compression-type capacitor: Arco 405 or 
equivalent 

8 turns No. 22 wire on 1/4" diameter air core. One turn 
spacing between windings. Tapped at one turn from low end. 
37 turns No. 34 wire on 3/16" diameter air core. Unloaded Q 
= 63 
40823. 

Fig. 1 - 100/10.7-MHz conversion power gain test circuit 
for type 40823. 


& Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings are 
not exceeded. 



Noise Figure (see Fig. 5) 
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C-|,C 2 : 1. 3-5.4 pF variable air capacitor 

C 3 : 1-10 pF variable air capacitor, piston type: 
Johanson Co., No. 4335 

C 4 : 1-15 pF variable air capacitor, precision piston type: 
Roanwell Corp. SG11129/AG 
Li,Lg: 0.22 JUH RF choke (7T): Miller, No. 4584 

'Ferramic toroid (1/2 used): Indiana General, 

No. CF 101 -(0-6) 

Fig. 2 - 100-MHz power gain and noise figure test circuit 
for type 40822. 

TERMINAL DIAGRAM 


LEAD 1 - DRAIN 
LEAD 2 - GATE No.2 
LEAD 3 - GATE No.1 

LEAD 4 - SOURCE, SUBSTRATE AND CASE 


4 Three-terminal measurement with Gate No. 2 and Source returned to guard terminal. 


For characteristics curves, refer to type 3N187. 
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40841 


Silicon Dual- Insulated Gate Field -Effect Transistor 


N-Channel Depletion Type 
With Integrated Gate-Protection Circuits 
General-Purpose Economy Type for Applications 
from DC to 500 MHz 

RCA-40841 is an n-channel silicon, depletion type, dual- 
insulated gate, field-effect transistor intended for general- 
purpose applications from DC to frequencies up to 500 MHz. 

This MOS/FET provides excellent power gain, linear-circuit 
operation and has a wide dynamic operating range. Its 
square-law characteristics result in low cross-modulation 
performance over the AGC range. Its dual-gate construction 
reduces feedback capacitance by shielding Gate No. 1 from 
the drain, and makes it possible to isolate the local oscillator 
signal from the incoming signal bv applying the two signals 
to separate gates. The very low feedback capacitance of this 
device eliminates the need for neutralization in circuits using 
the dual-gate configuration. Use of the device in the RF 
input stage of a receiver reduces local oscillator feed-through 
to the antenna. The 40841 requires negligible AGC power, 
provides automatic delay when AGC is applied to Gate No. 

2, and exhibits slight input impedance variations during AGC 
functioning. The device has exceptionally high input im- 
pedance, an attribute for timing-circuit design. 

Back-to-back diodes are fabricated on the same monolithic 
silicon pellet as the MOS/FET to protect the gates against 
damage due to electrostatic charges frequently encountered 
during normal handling. These back-to-back diodes also 
function as "transient trappers" by limiting in-circuit 
transient voltages that exceed £10 volts. 

Maximum ratings and electrical characteristics are included in 
the data for operation of the 40841 as the equivalent of a 
single-gate device. For single-gate operation, connect Gate 
No. 1 (Term. 2) to Gate No. 2 (Term. 3), as shown in the 
Terminal Diagrams on Page 2. The 40841 MOS/FET is 
hermetically sealed in the metal JEDEC TO-72 package. 


Device Features: 

■ back-to-back diodes protect gate insulation against damage 
due to static changes frequently encountered during handling 

■ high forward transconductance: gf s ■ 12,000 pmho (typ.) 

■ high power gain: Gp S 3 32 dB (typ.) at 44 MHz 

■ gate leakage currents: IG1SS and IG2SS “ 60 nA (ntax.) 
at Ta - 25°C 

■ high input impedance 

■ excellent thermal stability 

Performance Features: 

■ superior cross-modulation performance and greater dynamic 
range than bipolar and junction-gate FETs 

■ wide dynamic range permits large-signal handling before 
overloading 

■ virtually no age power required 

■ greatly reduced spurious responses in AM and FM receivers 

■ dual-gate configuration permits simplified AGC circuitry 

■ operates at frequencies to 500 MHz without neutralization 
in circuits utilizing the dual-gate configuration 

■ operates up to UHF with low-noise performance 


The following dual-gate MOS/FET types are specified for 
applications requiring premimum-grade performance: 3N200, 
3N187, 40673, 40819, 40820, 40821, 40822, and 40823. 

Detailed information, utilizing RCA dual-gate protected 
MOS/FETs in RF applications, is given in the following RCA. 
Application Notes: AN-4431 "RF Applications of the 
Dual-Gate MOS/FET up to 500 MHz" and AN-4018 "Design 
of Gate-Protected MOS Field-Effect Transistors". 


Maximum Ratings 

Dual-Gate 

Single-Gate 

Absolute Maximum Values, at Ta - 25°C: 

Drain-to-Source Voltage, Vqs 

Configuration 

Configuration 

-0.2 to +18 

-0.2 to +18 

Gate Terminal Current, Iqis or 'G2S 

±100 

- 

Gate Terminal Current, Iqs 

- 

±100 

Drain-to-Gate Voltage, VoGI or V DG2 

+24 


Drain-to-Gate Voltage, Vqg 

- 

+24 

Drain Current, Iq 

50 

50 

Transistor Dissipation: 

At T/\ up to 25°C 

330 

330 

At Ta above 25°C 

derate linearly 2.2 mW/°C 

Ambient Temperature Range: 

Operating and Storage 

-65 to +175 

-65 to +175 

Lead Temperature (During Soldering): 

At distances 1/32 in from seating surface for 10 s max 

265 

265 

Continuous Working Voltage#, at Ta =25°C: 

Gate No. 1-to-Source Voltage, Vqis 

—4.5 to +3 


Gate No. 2-to-Source Voltage, Vq2S 

-4.5 to +4.5 or 40% of Vq S 

— 

Gate-to-Source Voltage, Vqs 

(whichever value is less) 

-4.5 to +3 

Drain-to-Gate Voltage, Vqqi or Vqq2 

+20 

- 

Drain-to-Gate Voltage, Vqg 

- 

+20 


V 
jzA 
AA 

V 

V 
mA 

mW 


°C 


°C 


V 

V 

V 

V 

V 


#Continuous Working Voltage Ratings must be observed to maintain device characteristics. These ratings are based on long-term continuous 
voltage operation but may be exceeded for short durations (e.g. testing of device characteristics), provided the Absolute Maximum Ratings 
are not exceeded. 


Applications: 

■ DC amplifiers 

■ RF amplifiers 

■ mixers 

■ IF amplifiers 

■ video amplifiers 

■ differential amplifiers 

■ frequency multipliers 

■ phase splitters 

■ industrial timers - long tir 

■ thyristor trigger circuits 


■ choppers 

■ voltage-controlled attenuators 

■ constant-current source 

■ voltage regulators 

■ telemetry & multiplex 

■ servo amplifiers 

■ proximity switches 

e delays 


TERMINAL DIAGRAMS 


SINGLE-GATE CONFIGURATION 



LEAD 1-DRAIN 
LEADS— 2 AND 3-GATE 
LEAD 4-SOURCE, 
SUBSTRATE AND CASE 


DUAL-GATE CONFIGURATION 



LEAD 1-DRAIN 
LEAD 2-GATE No.2 
LEAD 3-GATE No.1 
LEAD 4-SOURCE 
SUBSTRATE AND CASE 



92CS-I604I 


Fig. 1 -Id VS- VG1S- 



92CS-I8042 



DRAIN -TO -SOURCE VOLTS (V os ) 



SATE no.i-to-source VOLTS (V 0is ) 


Fig.2-lo vs. Vq2S- 


Fig. 3 - Id vs. VdS- 


92CS-I8043 


Fig.4-gf s vs. VqiS- 


9255*4096 



40841 



_ V(BR)G1SSR 'G2SSR * 
~ V(BR)G2SSR IQO^A 


VG2S° VPS° 0 ~ 

1vgis° VQS =■ 0 I - 


|V(BR)GSSR |»GSSR= 100»<A. V DS - 0~ 


VQS° VG2S= 0.VG1S- 6 V 

VpS= VG1S° 0. VG2S- 6 V 

" Vps = 0, VGS ~ 6 V 

VpS g VG2S* 0.VG1S- -6V 

Vps g VGIS" 0. VG2 S c -6V 

■ Vos = 0 . Vgs * -6V 

Vds= +15V, VQ1S' 0,VG2S a + 4 V 
' Vds= +15 V, Vqs * 0 


V DS = +15 V 

- ID = 10 mA 

- [Dual-Gate only 1 

L vg2s= +4 yj 


- - ^imho 

7000 - pmho 

fi ”~pF 


GATE NO. 2-TO-SOURCE VOLTS (V G2S > 

fig-5— gf s 2 vs. Vq2S- 


1 1 1? 00 8 [-INITIAL ADJUSTMENT : GATE No. I - TO - SOURCE VOLTAGE l V G | S > H 
6 r F0R DRAIN CURRENT (I 0 )«IOmA WITH V GZS «-t-4.0V H 


> 4L- drain -TO- SOURCE VOLTS ( Vqs )* 15 



lonversion Gain j Gp*(C) j | | - 

Capacitance between Gate No. 1 and all other terminals (Pual-Gate), Gate and all other terminals (Single-Gate) 
k Three-terminal measurement with Gate No. 2 and Source returned to guard terminal (Pual-Gate) 


Noise Figure = lOlog^g 


where K = 1.38 x 10 -23 ; T * Temperature in “Kelvin; BW - Bandwidth in 
R » Generator resistance 


TYPICAL CHARACTERISTICS FOR 40841 IN SINGLE-GATE CONFIGURATION 
(Terminals 2 and 3 tied together to comprise effective single-gate) 



ORAIN-TO- SOURCE VOLTS (V DS ) 

Fig.7—I[) vs. VqS- 


::::::::: 



ill 

::: 

ill 




0 2.5 5 7.5 10 12.5 15 17.5 

DRAIN -TO-SOURCE VOLTS (V os ) 92cs _ l8047 


- DRAIN-TO-SOURCE VOLTS (V 0S ) *15 - 
I FREQUENCY (f )- I KHi ~ 

-AMBIENT TEMPERATURE (T A I*25"'- 


ORAIN MILLIAMPERES (X 0 ) 


Fig. 8 - Id vs. Vqs- 


Fig-9-gfs vs. Iq. 


TYPICAL CHARACTERISTICS FOR 40841 IN 
SINGLE-GATE 8t DUAL-GATE CONFIGURATION 


I AMBIENT TEMPERATURE (T A )«2S*C I 


. SINGLE-GATE CONFIGURATION: 
ADJUST GATE-TO-SOURCE ! 
VOLTAGE (Vqs) FOR DRAIN 



VOLTAGE (VGIS) 

CURRENT (Iq)* 10 mA 
DRAIN-TO-SOURCE VOLTS 
(Vqs) *15 

GATE No. 2-TO-SOURCE VOLTS* 4 




5-25 pF 27pF 

900 K I 


Fig.11— Typical differentia! amplifier utilizing the 40841 in the vertical input stage of a solid-state oscilloscope. 
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40841 


SOLID-STATE TIMER FOR INDUSTRIAL APPLICATIONS 



Cornell-Dubilier Electronics-Type MMW or equivalent. 

* R controls duration of time delay. At R - 60 MJi up to 
5-minute delay (IRC resistor. Type CGH or equivalent) 

* This circuit can also be used at supply voltages of 240 V AC 
and 24V AC (60Hz) by changing the values of R 1 and Q3. 


Fig. 12-Typical timing circuit utilizing the 40841 in a single-gate configuration. 


TIMING CIRCUIT CHARACTERISTICS Q2: V DRM = 60V 

T A » — 25°C to +60°C 'GT“ 200 * iA 

Accuracy: ±10% (over temperature) *T“ °-8A 

Repeatability: ±3% (at 25°C) D3: Ip - 1 nA 

Reset Time: Less than 150 ms V n * 60V 
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Dimensional 



Dimensional Outlines 



Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the maximum lead 
thickness {narrow portion) will not exceed 0.013". 

2. Leads within 0.005" <0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e^ applies in zone L 2 when unit installed. 

4 n applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 


CERAMIC DUAL- 

ID) Suffix 

(JEDEC MO-001-AD) 14-Lead 



INCHES 

NOTE 

MILLIMETERS 

5TIVIDUL 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

165 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

•1 

0.100 TP 

2 

2.54 TP 

®A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

0O 

150 

4 

0O 

150 

N 

14 

5 

14 

Ni 


0 

6 


0 

Ql 

0.050 

0.085 


1.27 

2.15 

S 

0.065 

0.090 


166 

2.28 


92SS-4411R2 


IN-LINE PACKAGES 
(D) Suffix 

(JEDEC MO-001-AE) 16- Lead 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

ie 

Ni 


0 

6 


0 

Q 1 

0.050 

0.085- 


1.27 

2.15 

S 

0.015 

0.060 


0.39 

1.52 


92SS-4286R5 


DUAL-IN-LINE PLASTIC AND FRIT-SEAL CERAMIC PACKAGES 

(E) and (G) Suffixes (JEDEC MO-001-AN) (E f (F) and (G) Suffixes < F K and (G) Suffixes 

8-Lead Plastic (Mini-DIP) (JEDEC MO-001-AB) 14-Lead (JEDEC MO-001-AC) 16-Leaa 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.508 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.889 

1.65 

C 

0.008 

0.012 

1 

0.203 

0.304 

D 

0.370 

0.400 


9.40 

10.16 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

l 2 

0.000 

0.030 


0.000 

0.762 

a 

0 

15 

4 

0 

15“ 

N 


B 

5 


8 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.015 

0.060 


0.381 

1.52 


92CS - 24026 R I 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2, 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

0O 

150 

4 

0o 

15° 

N 

14 

5 

14 

Ni 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.065 

0.090 


1.66 

2.28 


92SS4296R3 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

A 1 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

B) 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

e 1 

0.100 TP 

2 

2.54 TP 

e A 

0.300 TP 

2. 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L 2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

,6 

N 1 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.015 

0.060 


0.39 

1.52 


92CM- I 5967R4 



CERAMIC FLAT PACKS 


NOTES: 

1. Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

2. Leads within .005" (.12 mm) radius of True Position (TP) at 
maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Zi determine a zone within which all body and lead 
irregularities lie. 


(K) Suffix 

(JEDEC MO-004-AF) 14-Lead 


SYMBOL 

INCHES 

— 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.008 

0.100 


0.21 

2.54 

B 

0.015 

0.019 

1 

0 381 

0.482 

C 

0.003 

0.006 

1 

0.077 

0.152 

e 

0.050 TP 

2 

1.27 TP 1 

E 

0.200 

0.300 


5.1 

7.6 ~ 

H 

0.600 

1.000 


15.3 

25.4 

L 

0.150 

0.350 


3.9 

8.8 

N 

14 

3 

1 

4 

Q 

0.005 

0.050 


0.13 

1.27 

S 

0.000 

0.050 


0.00 

1.27 

Z 

0.300 

4 


7.62 

Zi 

0.400 

4 

10.16 


92SS4300R3 
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Dimensional Outlines 


TO— 5 STYLE PACKAGES 

(T) Suffix (JEDEC MO-002-AL) 8- Lead TO-5 Style 



9ZCS-I943IR2 


NOTES 



1. Refer to JEDEC Publication No 95 for Rules for Dimensioning 4. Measure from Max. <J>D. 

Axial Lead Product Outlines. 

5. Ni is the quantity of allowable missing leads. 

2. Leads at gauge plane within 0.007" (0.178 mm) radium of True 

Position (TP) at maximum material condition. 6. N is the maximum quantity of lead positions. 

3. <#B applies between Li and L 2 . 4 B 2 applies between L 2 and 
0.500" (12.70 mm) from seating plane. Diameter is uncontrolled 
in Li and beyond 0.500" (12.70 mm). 


(S) Suffix 8-Lead TO-5 Style with 
Dual-1 n-Line Formed Leads (DIL-CAN) 



92CS— 20296R3 


(T) Suffix (JEDEC MO-006-AF) 10-Lead TO-5 Style 


(V) Suffix 

10 Formed Leads Radially 
Arranged TO-5 Type 



NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out 
lines. 

2. Leads at gauge plane within 0.007” (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 0B applies between Li and L2- 0B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 



4. Measure from Max. <>D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


92CS-I5035 


.335-. 370 
(8.51-9.39) 



-*(k:OI6-.OI9 
(.407- .482) 
DIA. 


92CS — I4638R2 


.230 (3.84) 



477 







Dimensional Outlines 

TO— 5 STYLE PACKAGE (Cont'd) 



(T) Suffix(JEDEC MO-006-AG ) 12-Lead TO-5 Style 



NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 

2. Leads at gauge plane within 0.007” (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. £>B applies between Li and L2- 4>B2 applies between L2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 

4. Measure from Max. <pD. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 


JEDEC TO-72 PACKAGE 



92CS-I7444 Rl 



Note 1 I Four leads) Maximum number leads omitted in this outline, 
none'' (01 The number and position of leads actually present are 
indicated in the product registration Outline designation deter 
mined by the location and minimum angular or linear spacing of any 
two adfacent leads 

Note 2 (All leads) 0b 2 applies between I , and l 2 db applies 

between l 2 and 500” II? 70 mm) from seating plane Diameter is 

uncontrolled in I j and beyond 500” 112 70 mm) from seating plane 

Note 3 Measured from maximum diameter of the product 

Note 4 Leads having maximum diameter 019” I 483 mm) measured in 

gaging plane 054” 1 1 37 mm) • 001 ” I 025 mm) - 000” ( 000 mm) 

below the seating plane of the product shall be within 007” ( 1 78 mm) 

of their true position relative to a maximum width tab 

Note 5 The product may be measured by direct methods or by gage 

Note 6: Tab centerline 


(Q) Suffix 14- Lead Staggered 


QUAD-IN-LINE PLASTIC PACKAGES 



Recommended Mounting — Hole 
Dimensions and Spacing 



1. Body width is measured 0.040" (1.02 mm) from top. surface. 

2. Seating plane defined as the junction of the angle with the 
narrow portion of the lead. 


Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 
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Dimensional Outlines 


(W) Suffix 16-Lead Staggered 


QUAD IN-LINE PACKAGES (Cont'd) 



Recommended Mounting — Hole 
Dimensions and Spacing 



92CS- 26936 


NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface. 

2. Seating plane defined as the junction of the angle with the 
narrow portion of the lead. 

Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 





INDEX / I 234567 89 10 



Recommended Mounting — Hole 
Dimensions and Spacing 



NOTES: 

1. Body width is measured 0.040" (1.02 mm) from top surface. 

2. Seating plane defined as the junction of the angle with the 
narrow portion of the lead. 

Dimensions in parentheses are millimeter 
equivalents of the basic inch dimensions. 


92CS- I7587RI 
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Dimensional Outlines 


DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 


(E) Suffix 

16-Lead "Power-Stud" Package 


0.745 (18.93) 
0.785 (19.93) 



0.035(0.89) 

0.065(1.65) 


0.014(0.356) 

0.020(0.508) 


0.155(3.94) I 
0.200(5.08) -L u 


U |U| Ul 

—Jill— 


0.240(6.10) 

0.260(6.60) 


0.107(2.717) 1 
J 0.040(1.02 

I 0.116(2.947) I” 0.075(1.90) 

1 0.122(3.099) 


0.020(0.51) | 

0.050(1.27) U U 

0.015(0.39) ^*1 y r 

0.060(1.52) "*1 \ 

0.100 (2.54) TYP 


0.125(3.18) 

0.150(3.81) 


0.000 1 1 

0.030(0.76) 

GAUGE PLANE 

0.008(0.204) 

0.013(0.330)' 


(EM) Suffix 

Modified 16-Lead with Integral Heat Sink 




DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 

K STUD CENTERLINE (1) COINCIDES WITH BODY 
CENTERLINE WITHIN ±0.015 



k.OI5 / .381 \ 
II .060 V 1 .524/ 



-0.008-0.013 

(0.204-0.330) 


(Q) Suffix 

Modified 16-Lead with Integral Bent Down Wing-Tab Heat Sink 


(QM) Suffix 

Modified 16-Lead with Integral Flat Wing-Tab Heat Sink 



I 0.745-0.785 _J 
(18.93-19.93) " 


0.150-0.160 

(3.810-4.064) 0.053 DIA. 

rm9n_rw"»7n ' (1-35 ) 



(0.89-1.65) ] 

1^1 

lDJ In fin 

* | 


MECHANICAL \ 

INDEX —-Jy 

0.240-0.260 
(6.10-6.60) 0650 


INDEX AREA | U 

1 u M| 

(16.51) 

* 

r- 

0.142 DIA. (3.61). ^ 
(2 HOLES) 

I 0.251 1 
-1 (6.38) k 

0.745-0.785 
(18.93-19.93) — 

r 


r 0020-0 070 

I 1 f(0.5l-l77) 2 H0L 

^SEATING Hr0.0l4-0.023 
PLANE ] |(0-356-0-584)j 

0.015-0.060 k Uo.035-0.065 
(0.39-1.52) *1|— (0.89-1.65) 


0.090-0.110 

(2.29-2.79) 


4 - 0.008-0.013 1 

I (0.204-0.330); 


f- 0.100(2.54) TYP. 
0.200 (5.08) TYP. 



-SEATING -IhO 014-0.023 
PLANE I |(0.356-0-584N 

5-0.060 J J 1-0.035-0.065 
'9-1.52 ) -1 — (0.89-1.65) 



|—H — 0.100 (2.54) TYP. 
J— 0.200 (5.08) TYP. 


DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 


DIMENSIONS IN PARENTHESES ARE MILLIMETER 
EQUIVALENTS OF THE BASIC INCH DIMENSIONS 
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Dimensional Outlines 


DUAL-IN-LINE AND QUAD-IN-LINE PLASTIC PACKAGES 
(Power Stud and Heat-Sink Types) 

(EM) Suffix (QM) Suffix 

16-Lead with Integral Strap Heat Sink 16- Lead Staggered with 


END ALIGNMENT OF HEAT SINK 
TO CENTER OF PLASTIC BODY 


Integral Strap Heat Sink 

I END ALIGNMENT OF HEAT SINK 
H TO CENTER OF PLASTIC BODY 


/TERMINAL l-* u u u u j u 

1 L_ 0 537-0.587 J$- 

[ 13.64-14.91) 1 


1- 125 (28.58) - 

PLASTIC BODY 


0.093-0.157 / f 
(2.36-3.99 )J 1 

0-250 

t (6.35) 


HEAT SINK 

0.280(7. 1 UMAX, IN 

DEBOSSING AREAS 
0030-0036 
(0 76-0.91 ) 


PLASTIC BODY 
0 240-0260 
(6- 10-6- 60) 


> 87 _*\ 5 - 

91) 

1. 125 (28.58) - 

PLASTIC BODY 


0.093-0.157 / f 
(2.36-3-99) / 1 

r-q. -^0.250 

t (6.35) 


_ 0.280(7.11) MAX. IN 
DEBOSSING AREAS (2) 
0 030-0 036 
(0.76-0.91 ) 


|— t- (8.89) 

I — 1_ - o® 



0.300 (762) TYP. 
CENTER OF LEAD 

— 0.008-0.013 
(0204-0330) 



0.100 (2.54) TYP — H 
0.015-0.060 
*"(0.39-1.52) 


(I0.I6)TYR !♦- 



-0.008-0.013 

(0.204-0.330) 


VERTICAL MOUNT 


TO-220- STYLE (VERSA-V) PLASTIC PACKAGE 

NT I HORIZONTAL MOUNT (M Suffix) 



n= 


1 L 

j 

' t- T-prtu 

D-j- ' 



t. 1 


A 



INCHES | 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

0.876 

0.896 

22.25 

22.75 

0.396 

0.408 

10.06 

10.36 

0.173 

0.182 

4.395 

4.622 

0.604 

0.619 

15.35 

15.72 

0.263 

0.273 

6.681 

6.934 

0.168 

0.188 

4.268 

4.775 

0.100 

0.104 

2.540 

2.641 

0.320 

0.340 

8.128 

8.638 

0.246 

0.254 

6.249 

6.451 

0.046 

0.054 

1.169 

1.371 

0.496 

0.508 

12.60 

12.90 

0.140 

0.150 

3.556 

| 3.810 

5 i 

1 5 

0.015 

0.020 

0.381 

0.406 

0.033 

0.040 

0.839 

1.016 

0.129 

0.139 

3.277 

3.530 


INCHES 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

0.726 

0.746 

18.44 

18.94 

0.396 

0.408 

10.06 

10.36 

0.173 

0.182 

4.395 

4.622 

0.604 

0.619 

15.35 

15.72 

0.263 

0.273 

6.681 

6.934 

0.221 

0.251 

5.614 

6.375 

0.100 

0.104 

2.540 

2.641 

0.143 

0.163 

3.633 

4.140 

0.246 

0.254 

6.249 

6.451 

0.046 

0.054 

1.169 

1.371 

0.496 

0.508 

12.60 

12.90 

0.140 

0.150 

3.556 

3.810 

5 

5 

0.015 

0.020 

0.381 

0.406 

0.033 

0.040 

0.839 

1.016 

0.129 

0.139 

3.277 

3.530 
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RF Applications of the 
Dual-Gate MOS FET up to 500 MHz 

by L. S. Baar 


The RCA dual-gate protected, metal-oxide silicon, 
field-effect transistor (MOS FET) is especially useful for 
high-frequency applications in RF amplifier circuits. The 
dual-gate feature permits the design of simple AGC circuitry 
requiring very low power. The integrated diodes protect the 
gates against damage due to static discharge that may develop 
during handling and usage. This Note describes the use of the 
RCA-3N200 dual-gate MOS FET in RF applications. The 
3N200 has good power gain and a low noise factor at 
frequencies up to 500 MHz, offers especially good cross- 
modulation performance, and has a wide dynamic range; its 
low-feedback capacitance provides stable performance 
without neutralization. 

Gate-Protaction Diodes 

Fig. 1 shows the terminal diagram for the 3N200. 
Gate No. 1 is the input signal electrode and Gate No. 2 
is normally used to obtain gain control. The back-to-back 
diodes are connected from each of the gates to the 
source terminal, lead No. 4. If short duration pulses 
greater than ±10 volts, generated for example by static 
discharge, are inadvertently applied to either gate, the 
protective diodes limit these voltages and shunt the current 
to the source terminal. Thus the gates, under normal 
operating conditions, are protected against the effects of 
overload voltages.* 


LEAD 1 - DRAIN 
LEAD 2 - GATE NO. 2 
LEAD 3 - GATE NO- 1 
LEAD 4 - SOURCE, SUBSTRATE. 
AND CASE 



Fig. 1 - Terminal diagram for die 3N200. 

Operating Conditions 

Typical two-port characteristics at 400 MHz including 
both “y” and “s” parameters, are given for the 3N200 in the 
RCA technical bulletin, File No. 437. This note makes use of 
the “y” parameters; however, designers who prefer the 
alternate method can, by parallel analysis, make use of the 
“s” parameters. 

A recommended operating drain current (Id) for the 
3N200 is approximately 10 milliamperes with Gate No. 2 
sufficiently forward biased such that a change in the bias 
voltage does not greatly affect the drain current. An 
adequate Gate No. 2-to-source voltage (Vg2S) * s approxi- 
mately +4 volts. The forward transadmittance (yf s ) increases 
with drain current, but saturates at higher current levels. The 
increase in RF performance at drain currents above 10 
milliamperes is achieved only with less efficient use of input 
power. 

To establish the optimum operating conditions for a 
type, consideration must be given to the range of variations 
in characteristics values encountered in production quantities 
of the type. 2 One important measure of type variation is the 
range of zero bias drain current (Ids)- The current range 
given in the 3N200 technical bulletin for Ids » fr°m 0.5 mA 
to 12 mA. A fixed bias condition intended to center the 
range of drain current at the desired level, still will produce 
an operating drain current range of 1 1 5 milliamperes with a 
resultant wide range of forward transconductance (gfe). The 
drain current can be regulated by applying dc feedback with 
a bypassed source resistor (Rs). A good approximation of Rs 
(where IDQ > IDS/ 2 ) can be calculated by the use of the 
following formula*, assuming that VgiS vs. Ids is linear 
over the current range under consideration: 



*See Appendix 

484 


where: 

AIds is the current range given in the 3N200 technical 

bulletin 

AIdq is the desired range of operating current 

gf s (min.) is the minimum forward transconductance 

at 1000 Hz 

With the value of Rs established, then the Gate-No. 1 
Voltage (Vgi) can be calculated from the equation 

vgi = vgis + IdqRs £ q - 2 

where VqiS is estimated by: 
lDQ _I DS 

V G1S~ Eq.3 

gf s ( av 8-) 

where: 

gfs(avg ) is the average forward transconductance 

To establish the Gate-No. 2 Voltage (Vg 2)> follow the 
same procedure described for calculating the Gate-No. 1 
Voltage, except that a fixed VG2S °f approximately 4 volts 
is adequate. 

If gain control is desired, apply a negative-going voltage 
to Gate No. 2. Because Gate No. 2 has little control in the 
voltage range of +2 to +5 volts, this characteristic may be 
used to effect AGC delay of the device in order to maintain 
the low noise figure until the RF signal is out of the noise-level 
range. 

Stability Considerations 

Typical “y” parameter data as a function of frequency 
are given in Table 1. Maximum available gain (MAG) cal- 
culated from these data are also included to indicate ideal 
gain performance (i.e., y f$ = 0). The ability of the MOS FET 
to approach these gain levels depends on the device main- 
taining stable performance at the required operating fre- 
quency. 

There are several methods which may be used to test for 
gain vs. stability. One of these methods, the Linvill Criteria 
(C), is defined by the equation: 

c= y rs yfs E 4 

^®is ®os ^ (y rs yf s ) 


A value for C which is less than 1 indicates uncondi- 
tional stability. Applying the 400-MHz values taken from 
Table 1 to the Linvill Criteria yields a value of C = 0-615; 
substantially less than the value indicating unconditional 
stability. 

The following equation for Maximum Usable Gain 
(MUG)3 is: 

2K I yft I 

MUG = Eq. 5 

| Yrs | (1 + COS 0) 

where: 

6 = Ly fs + Ly rs 

K. = skew factor 

Ly rs = angle of reverse transadmittance 

Lyfe = angle of forward transadmittance 

The skew factor, introduced in this equation, is a safety 
measure that establishes an arbitrary degree of skewing in the 
frequency response which may be introduced by regenera- 
tion. A value of 0.2 for K has been established on the basis of 
past experience. The value of MUG calculated at 400 MHz is 
13.8 dB. This value of MUG is greater than the value of 
MAG, again indicating unconditional stability, since MAG, 
ignoring inherent feedback, is the conjugately matched gain. 
Therefore, neutralization or circuit loading is not required to 
insure stable performance, and the gain can approach MAG, 
limited only by circuit losses. 

Reverse transadmittance (y rs ) is composed of several 
components, but the major ones are feedback capacitance 
(Crss) and source-lead inductance (Ls). Therefore, care must 
be exercised in the application of the y rs values, shown in 
Table 1, at the upper end of the usable frequency range. The 
3N200 utilizes a JEDEC TO-72 package that has 4 leads. The 
data in Table 1 was compiled with the use of a socket which 
contacts the leads of the 3N200 as close as possible to the 
bottom of the package as specified by the JEDEC Standard 
Proposal SP-1028 “Measurement of VHF-UHF “y” Para- 
meters”. The leads are shielded from each other to eliminate 
stray capacitance between the leads, but some lead induct- 
ance is inevitable. If the device is soldered directly to the 
circuit components using commercial production techniques 
rather than by precise laboratory methods, then additional 
source lead inductance can be expected. Also, some 
additional capacitive coupling may result if the input and 
output circuits are not completely isolated from each other. 


CHARACTERISTICS 

SYMBOL 

100 

FREQUENCY (MHz) 
200 300 400 

500 

UNITS 

y Parameters 








Input Conductance 

g is 

0.25 

0.8 

2.0 

3.6 

6.2 

mmho 

Input Susceptance 

bis 

3.4 

5.8 

8.5 

11.2 

15.5 

mmho 

Magnitude of Forward Transadmittance 

W 

15.3 

15.3 

15.4 

15.5 

16.3 

mmho 

Angle of Forward Transadmittance 

Ilfs 

-15.0 

-25.0 

-35.0 

-47.0 

-60.0 

degrees 

Output Conductance 

9os 

0.15 

0.3 

0.5 

0.8 

1.1 

mmho 

Output Susceptance 

bos 

1.5 

2.7 

3.6 

4.25 

5.4 

mmho 

Magnitude of Reverse Transadmittance 

M 

0.012 

0.025 

0.06 

0.14 

0.26 

mmho 

Angle of Reverse Transadmittance 

llrs 

-60.0 

-25.0 

0 

14.0 

20.0 

degrees 

Maximum Available Gain 

MAG 

32.0 

24.0 

17.5 

13 

10.0 

dB 


Table 1 — "y" Parameters from 100 to 500 MHz 
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Because the published y rs value for the 3N200 is very 
small, the circuit y rs values may differ significantly from the 
y rs values shown in Table 1 and hence, may result in an 
unstable operating condition. It is impossible to provide data 
for all possible mounting combinations, therefore, a recom- 
mended mounting arrangement is shown in Fig. 2. The 
source and substrate in the TO-72 package of the 3N200 are 
internally connected to lead No. 4 and the case. The 
source-lead inductance can be reduced, if the case is used as 
the source connection. Fig. 2 illustrates a partial component 
layout in which the case is held by a clamp or other fingered 
device. The clamp is soldered to a feedthrough capacitor to 
provide an effective, very-low inductance bypass to RF 
signals. This mounting arrangement still permits the use of a 
source resistor for DC stability, and enables the case to 
provide isolation between the input and output circuit in 
addition to the isolation afforded by the shield. 




SIOE VIEW 

Fig. 2 - Partial component layout of 400-MHz amplifier 
circuit 

The reduction of source-lead inductance provides in 
addition to greater stability, a lower input and output 
conductance. Table 2 shows the differences in “y” parameter 
values at 400 MHz when measured with the source con- 
nection made to lead No. 4 (in accordance with the 
published data for the 3N200) and when measured with the 
case connected directly to the ground plane of the test jig. 
The magnitude of reverse transadmittance is halved with a 
significant change in its phase angle. The input conductance 
is reduced by 30%, and the output conductance is reduced by 
13%. A recalculation of the expressions for MAG, MUG, and 
Linvill Criteria (C) shows a significant improvement in gain 
and circuit stability. 

While it is difficult to provide accurate information on 
the effects of shielding between the input and output 
circuits, its effect can be demonstrated when all other 
feedback components have been reduced to negligible values. 
The circuit, shown in Fig. 3 (for component layout see Fig. 
2), was measured both with and without a shield. The 
maximum gain, without the shield, averaged 0.8 dB lower 
than with the use of the shield. 


+ 15 V 



When receiver sensitivity is an important consideration 
in the design of an RF amplifier, a compromise must be 
made in the circuit power gain to achieve a lower noise 
factor. A contour plot of noise figure as a function of 
generator source admittance is shown in Fig. 4. Each contour 
is a plot of noise figure as a function of the generator source 
conductance and susceptance. Data for the noise figure were 
obtained from a test amplifier designed with very low 
feedback. Even though the area of very low-noise figure in 
the curves in Fig. 4 cover a broad range of source admittance, 
impedance-matching for maximum power gain could result in 



Fig. 4 - Noise factor vs. generator source (input) admittance 
(Yisf 

a relatively poor noise figure. As shown in Table 2, the input 
conductance (gj s ) with the case grounded is 2.5 mmho. With 
the reactive portion tuned out, the noise factor at power 
matched conditions is almost 1 dB higher than the optimum 
noise figure. However, matching to 5.0 mmho results 
in a near optimum noise factor with a loss of only 0.5 dB in 
gain. In addition, impedance matching to high conductance 
also benefits crossmodulation performance, as will be dis- 
cussed in a later section. 

Gate Protection Diodes 

The diodes incorporated into RCA dual-gate MOS 
FETs, for gate protection, have been designed to minimize 
RF loading on the input circuits. The small amount of RF 
loading results in ,only a fraction of a dB loss in power gain 
and a negligible increase in the noise figure. The advantages 
of diode protection, greatly outweigh the slight loss in power 


gain, especially in an RF amplifier intended for the input 
stage of a receiver. 

In addition to the protection afforded in normal 
handling, the diodes also provide in-circuit protection against 
events such as: static discharge due to contact with the 
antenna, delay in transmit-receive switching, or connection 
of an antenna with an accumulated charge to the receiver. 

Crossmodulation 

Crossmodulation is an important consideration because 
it is an inherent device characteristic where circuit considera- 
tions are secondary. Crossmodulation is the transfer of 
modulation from an undesired signal on a desired signal 
caused by the non-linear characteristics of a device. 

Crossmodulation is proportional to the third-order term 
of the expansion of the Id • Vqs curve. It is normally 
specified as the undesired signal voltage required to produce 
a crossmodulation factor of 0.01. The crossmodulation 
factor is defined as the percent modulation on a desired 
carrier by the modulated undesired signal divided by the 
percent modulation of the undesired signal.** 

Inspection of the Id ■ Vqis curve of Fig. 5 offers an 
insight to the possible crossmodulation as a function of 
gain-reduction performance. When both channels of the 
3N200 are fully conducting current, as shown by the V(J2S = 
4-volt curve, the device approximately follows a square-law 
characteristic. If the Id - VQIS curve was ideal, the 
third-order term would be zero; but in practical cases, the 
third-order term and crossmodulation have some low values. 



Fig. 5 - Drain current (Id) vs. gate No. 1-to-source voltage 

Weis) 


CHARACTERISTICS 

SYMBOL 

FREQUENCY (f) 

= 400 MHz 

UNITS 



Normal 

Connection 

Case 

Grounded 


Maximum Available Power Gain 

MAG 

13.0 

15.7 

dB 

Maximum Usable Power Gain (unneutralized) 

MUG 

13.8 

19.4 

dB 

Linvill Stability Factor, C 

C 

0.615 

0.335 

mmho 

"y” Parameters 





Input Conductance 

9is 

3.6 

2.5 

mmho 

Input Susceptance 

bis 

11.2 

11.7 

mmho 

Magnitude of Forward Transadmittance 

|vfs| 

15.5 

15.5 

mmho 

Angle of Forward Transadmittance 

to 

-47.0 

-40.0 

degrees 

Output Conductance 

9os 

0.8 

0.65 

mmho 

Output Susceptance 

bos 

4.25 

4.25 

mmho 

Magnitude of Reverse Transadmittance 

1 Vrs | 

0.14 

0.07 

mmho 

Angle of Reverse Transadmittance 

/Vrs 

14.0 

49.0 

degrees 


Table 2 - "y" Parameters at 400 MHz with source connection to lead No. 4 and with case connected to ground plane 
of test jig 
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When the gain is reduced, by the application of bias to Gate 
No. 2, the square-law characteristic changes to a curve with a 
knee. Sharp curvatures usually result in larger high-order 
terms and poorer crossmodulation performance can be 
expected at lower gain conditions. If in Fig. 6, Circuit A, we 
assume a fixed bias (Vqis) of approximately +0.4 volt, then 
the expected variation in crossmodulation is determined at 
the points where the ordinate at VqiS = +0-4 volt crosses 
the curves. Crossmodulation performance at values of Vg 2S 
= +4 volts to cutoff is as follows: good (low crossmodula- 
tion) at +4 volts, poorer at +2 volts, poorest at +1 volt, and 
again improves from zero volts to cutoff. 




CIRCUIT C 


Fig. 6 - Biasing circuits using the 3N200 


Curve A, Fig. 7 shows a curve of the undesired signal 
with a crossmodulation factor of 0.01 as a function of gain 
reduction. The curve indicates performance is poorest when 
gain reduction is in the 3- to 15-dB region; this region repre- 
sents a Gate No. 2-voltage range of approximately 0.5 volt to 
2 volts. The exception to the poor crossmodulation perform- 



Fig. 7 - Crossmodulation vs. gain reduction using biasing 
circuits shown in Fig. 6 


ance in this range is the sharp peak which occurs at the 5-dB 
level and is due to a curve inversion that takes place just prior 
to the knee. Beyond the 15-dB level, crossmodulation 
generally shows an improvement. 

If Gate No. 1 is also reverse biased in conjunction with 
Gate No. 2 in the manner shown in Fig. 6, Circuit B, then the 
overall performance is poorer because the Gate No. 1 voltage 
will tend to follow the knee of each curve. This occurrence is 
evident in Fig. 7, Curve B. If Gate No. 1 is biased as shown in 
Fig. 6, Circuit C, the Gate No. 1-to-Source voltage intercepts 


the Gate No. 2 curves where the curvature is less severe, 
indicating as shown by Fig. 7, Curve C an improvement in 
crossmodulation performance. A further slight improvement 
is possible by the use of a higher initial operating drain 
current, which effectively moves the intercepts to the right 
on each curve. This improvement is indicated in Fig. 7, 
Curve D. 

The curves in Fig. 7 establish that the biasing 
arrangement which provides optimum crossmodulation 
performance is the one in which Gate No. 1 forward bias 
increases as Gate No. 2 controls the gain. This biasing 
arrangement is easily accomplished by the use of a fixed Gate 
No. 1 voltage and a source resistor. As the Gate No. 2 bias 
voltage reduces the drain current, there is also a decrease in 
source voltage and an increase in the Gate No. 1-to-Source 
voltage. The gate-to-source voltage ratings must not be 
exceeded under any circumstances. 


Summary 

An RF amplifier, ideally, should provide high gain, a 
low-noise figure, and low crossmodulation. The 3N200 offers 
a good compromise in providing these three features. As 
indicated in the section on “Stability Considerations” a 
mismatch at the circuit input to a higher conductance level, 
provides an improved noise figure. The same mismatch 
condition also improves crossmodulation performance. The 
input signal at the gate of the device, when mismatched as 
indicated above, is lower than if it is power matched. The 
same ratio applies to any undesired signal and, thus, reduces 
the possibility of crossmodulation interference. 


Appendix 

The drain current of a device is established by the 
relationship 

I D = Efs V G1S + *DS 
where: 

IDS = drain current 


at: 

V G1S = 0* VG2S = +4 volts - 

If a source resistor is used, as shown in Fig. Al, the gate 
No. 1-to-source voltage is 

vgis = vgi -Id r s 

then 

Id = gfs (VGl - Id R S) + Ids or 

g fs VG1 [ ds 

id = + 

1 + gfs R S l+gf s R S 



Fig. Al - Bias circuit using the 3N200 


The typical curves in Fig. A2 show drain current vs. 
Gate No. 1-to-Source Voltage as a function of Ids level. 
These curves are almost linear when the typical operating 
drain current is in the 10-milliampere region. For the 
remainder of the analysis a linear relationship will be 
assumed for the required range of quiescent current. The 
assumption of linearity dictates that gf s is a constant. 

The required range of drain current is Ip2 - ID1 

where: 

gfs v Gl Ids ( max ) 

ID2 = + 

I + gfs R S 1 + gfs R S 


gfs V G1 , IDS ( min ) 
1 + gfs R S 1 + gfs R S 


i D s (m ax )- I ds ( min ) 

A! d = lD2 - IDI = — p 


AI PS 
1 + gfs R S 


Solving the above equation for R§ gives 


R S = 


(AIps/AIp) - 1 
gfs 


where: 

gf s is equal to the expected minimum value at the 
required Id 
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Some Applications of a Programmable 
Power/Switch Amplifier 

by L. R. Campbell and H. A. Wittlinger 


The RCA-CA3094 unique monolithic programmable power 
switch/amplifier IC consists of a high-gain preamplifier driving 
a power-output amplifier stage. It can deliver average power ol 
3 watts or peak power of 10 watts to an external load, and 
can be operated from either a single or dual power supply. 
This Note briefly describes the characteristics of the CA3094. 
and illustrates its use in the following circuit applications: 
Class A instrumentations and power amplifiers 
Class A driver-amplifier for complementary power tran- 
sistors 

Wide-frequency-range power multivibrators 
Current- or voltage-controlled oscillators 
Comparators (threshold detectors) 

Voltage regulators 

Analog timers (long time delays) 

Alarm systems 
Motor-speed controllers 
Thyristor-firing circuits 
Battery -charger regulator circuits 
Ground-fault-interrupter circuits 
Circuit Description 

The CA3094 series of devices offers a unique combination 
of circuit flexibility and power-handling capability. Although 
these monolithic IC’s dissipate only a few microwatts when 
quiescent, they have a high current-output capability (100 
milliamperes average, 300 milliamperes peak) in the active 
state, and the premium-grade devices can operate at supply 
voltages up to 44 volts. 

Fig. 1 shows a schematic diagram of the CA3094. The por- 
tion of the circuit preceding transistors Qjo and Q 1 3 is the 
preamplifier section and is generically similar to that of 
the RCA-CA3080 Operational Transconductance Amplifier 
(OTA). 1 ’ 2 The CA3094 circuits can be gain-programmed by 
either digital and/or analog signals applied to a separate 
Amplifier-Bias-Current (I^BC 1 terminal (No. 5 in Fig. 1) to 
control circuit sensitivity. Response of the amplifier is es- 
sentially linear as a function of the current at terminal 5. 
This additional signal input “port” provides added flexibility 
in many applications. Thus, the output of the amplifier is a 
function of input signals applied differentially at terminals 2 
and 3 and/or in a single-ended configuration at terminal 5. The 
output portion of the monolithic circuit in the CA3094 con- 
sists of a Darlington-connected transistor pair with access pro- 
vided to both the collector and emitter terminals to provide 
capability to “sink” and/or “source” current. 



Fig. 1-CA3094 circuit schematic diagram. 


The CA3094 series of circuits consists of six types that dif- 
fer only in voltage-handling capability and package options, as 
shown below; other electrical characteristics are identical. 
Package Options Maximum Voltage Rating 

CA3094S; CA3094T 24 V 

CA3094AS; CA3094AT 36 V 

CA3094BS; CA3094BT 44 V 

The suffix “S” indicates circuits packaged in TO-5 enclosures 
with leads formed to an 8-lead dual-in-line configuration (0. 1 ” 
pin spacing). The suffix “T” indicates circuits packaged in 8- 
lead TO-5 enclosures with straight leads. The generic CA3094 
type designation is used throughout this Note. 

Class A Instrumentation Amplifiers 

One of the more difficult instrumentation problems fre- 
quently encountered is the conversion of a differential input 
signal to a single-ended output signal. Although this conver- 
sion can be accomplished in a straightforward design through 
the use of classical op-amps, the stringent matching require- 
ments of resistor ratios in feedback networks make the con- 
version particularly difficult from a practical standpoint. 
Because the gain of the preamplifier section in the CA3094 
can be defined as the product of the transconductance 
and the load resistance (g m Rl), feedback is not needed to 
obtain predictable open-loop gain performance. Fig. 2 shows 
the CA3094 in this basic type of circuit. 
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Fig.2— Open-loop instrumentation amplifier with differential 
input and single-ended output. 


The gain of the preamplifier section (to terminal No. 1 ) is 
g m Rl 5 (5 x 10-3) pg x iq 3.) = jgg j^e transcon- 
ductance g m is a function of the current into terminal No. 5, 
lABC’ tlie amplifier-bias-current. In this circuit an I^BC 
260 microamperes results in a g,^ of 5 millimhos. The oper- 
ating point of the output stage is controlled by the 2-kilohm 
potentiometer. With no differential input signal (ejjff = 0), 
this potentiometer is adjusted to obtain a quiescent output 
current Iq of 12 milliamperes. This output current is estab- 
lished by the 560-ohm emitter resistor, Rg, as follows: 


, (gm^lJ ( e diff) 

0 ~ Ri 


Under the conditions described, an input swing e^jff of ±26 
millivolts produces a variation in the output current Iq of 
±8.35 milliamperes. The nominal quiescent output voltage is 
12 milliamperes times 560 ohms or 6.7 volts. This output 
level drifts approximately -4 millivolts, or -0.0595 per cent, 
for each °C change in temperature. Output drift is caused by 
temperature-induced variations in the base-emitter voltage of 
the two output transistors, Q |2 and Q] 3 _ 

Fig. 3 shows the CA3094 used in conjunction with a re- 
sistive-bridge input network; and Fig. 4 shows a single-supply 

amplifier for thermocouple signals. The RC networks” con- 
nected between terminals 1 and 4 in Figs. 3 and 4 provide 
compensation to assure stable operation. 



Fig.3-Single-supply differential-bridge amplifier. 



Fig. 4- Single-supply amplifier for thermocouple signals. 


Uass A Power Amplifiers 

The CA3094 is attractive for power-amplifier service be- 
cause the output transistor can control current up to 100 
milliamperes (300 milliamperes peak), the premium devices 
•The components of the RC network are chosen so that 


(CA3094B) can operate at supply voltages up to 44 volts, and 
the TO-5 package can dissipate power up to 1 .6 watts when 
equipped with a suitable heat sink that limits the case temper- 
ature to 55°C. 

Fig. 5 shows a Class A amplifier circuit using the CA3094A 
that is capable of delivering 280 milliwatts to a 350-ohm re- 
sistive load. This circuit has a voltage gain of 60 dB and a 



Fig.5-Class-A amplifier - 280-mW capability into a 
resistive load ■ 

3-dB bandwidth ol about 50 kHz. Operation is stable without 
the use of a phase-compensation network. Potentiometer R is 
used to establish the quiescent operating point for class A 
operation. 
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The circuit of Fig. 6 illustrates the use of the CA3094 in a 
class A power-amplifier circuit driving a transformer-coupled 
load. With dual power supplies of +7.5 volts and -7.5 volts, a 



*■ GEN. RADIO TYPE 1840-A 
OUTPUT POWER METER 
OR EQUIVALENT 

92C3- 20202 

Fig.6-Class-A amplifier with transformer-coupled load. 


base resistor Rg of 30 kilohms, and an emitter resistor Rg of 
50 ohms, CA3094 dissipation is typically 625 milliwatts. With 
supplies of +10 volts and -10 volts, Rg of 40 kilohms, and 
Rg of 45 ohms, the dissipation is 1.5 watts. Total harmonic 
distortion is 0.4 per cent at a power-output level of 220 
milliwatts with a reflected load resistance Rp of 310 ohms, 
and is 1 .4 per cent for an output of 600 milliwatts with an 
Rp of 128 ohms. The setting of potentiometer R establishes 
the quiescent operating point for class A operation. The 
1-kilohm resistor connected between terminals 6 and 2 pro- 
vides dc feedback to stabilize the collector current of the out- 
put transistor. The ac gain is established by the ratio of the 
1 -megohm resistor connected between terminals 8 and 3 and 
the 1-kilohm resistor connected to terminal 3. Phase compen- 
sation is provided by the 680-picofarad capacitor connected 
to terminal 1 . 

Class A Driver-Amplifier for Complementary Power 
Transistors 

The CA3094 configuration and characteristics are ideal for 
driving complementary power-output transistors;-* a typical 
circuit is shown in Fig. 7. This circuit can provide 12 watts of 
audio power output into an 8-ohm load with intermodulation 
distortion (1MD) of 0.2 per cent when 60-Hz and 2-kHz sig- 
nals are mixed in a 4:1 ratio. Intermodulation distortion is 
shown as a function of power output in Fig. 8. 

The large amount of loop gain and the flexibility of feed- 
back arrangements with theCA3094 make it possible to incor- 
porate the tone controls into a feedback network that is 
closed around the entire amplifier system. The tone controls 
in the circuit of Fig. 7 are part of the feedback network con- 
nected from the amplifier output (junction of the 330- and 
47-ohm resistors driven by the emitters of Qy and Qj) to 
terminal 3 of the CA3094. Fig. 9 shows voltage gain as a 
function of frequency with tone controls adjusted for "flat'’ 
response and for responses at the extremes of tone-control 
rotation. The use of tone controls incorporated in the 
feedback network results in excellent signal-to-noise ratio. 
Hum and noise are typically 700 microvolts (83 dB down) at 
the output. 

In addition to the savings resulting from reduced parts 
count and circuit size, the use of the CA3094 leads to further 
savings in the power-supply system. Typical values of power- 
supply rejection and common-mode rejection are 90 dB and 
100 dB, respectively. An amplifier with 40-dB gain and 90-dB 
power-supply rejection would require a 31 -millivolt power- 
supply ripple to produce one millivolt of hum at the output. 
Therefore, no filtering is required other than that provided by 
the energy-storage capacitors at the output of the rectifier sys- 
tem shown in Fig. 7. 

For applications in which the operating temperature range 
is limited (e.g., consumer service) the thermal compensation 
network (shaded area) can be replaced by a more economical 
configuration consisting of a resistor-diode combination (8.2 
ohms and 1 N5391) as shown in Fig. 7. 



Music (at 5% THD, regulated supply) 

Continuous (at 0.2% IMD, 60 Hz & 2 kHz mixed ii 

unregulated supply) See Fig. 8 

Total Harmonic Distoration 
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0.05 
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250 

. See Fig. 9 


Fig.7— 12-watt amplifier circuit featuring true complementary- symmetry output stage with CA3094 in driver stage. 



Fig.8— Intermodulation distortion vs. power output. 



•2C3-20S5I 

Fig.9- Voltage gain vs. frequency. 

Power Multivibrators (Astable and Monostable) # 

The CA3094 is suitable for use in power multivibrators 
because its high-current output transistor can drive low-imped- 
ance circuits while the input circuitry and the frequency-deter- 
mining elements are operating at micropower levels. A typical 
example of an astable multivibrator using the CA3094 with a 
dual power supply is shown in Fig. 10. The output frequency 
fouT ' s determined as follows: 

1 

f OUT = 2 RCln[(2Rl/R2)+ 1] 

If R2 is equal to 3.08 RI, then fouT is sim P*y the reciprocal 
of RC. 


+ 15 V 



Fig. 1 1 is a single-supply astable multivibrator circuit which 
illustrates the use of the CA3094 for flashing an incandescent 
lamp. With the component values shown, this circuit produces 
one flash per second with a 25-per-cent “on”-time while de- 
livering output current in excess of 100 milliamperes. During 



B FREQUENCY INDEPENDENT OF V + 9ZCS-20293 
FROM 6-15 V0C 

Fig. 11 -Astable multivibrator using single supply. 

the 75-per-cent “off ’-time it idles with micropower consump- 
tion. The flashing rate can be maintained within ±2 per cent 
of the nominal value over a battery voltage range from 6 to 15 
volts and a temperature excursion from 0 to 70°C. The 
CA3094 series of circuits can supply peak-power output in 
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excess of 10 watts when used in this type of circuit. The fre- 
quency of oscillation is determined by the resistor 

ratios, as follows: 

1 

fnsc 

2RCln 1(2 Rj/R 2 )+ H 


where 


R1 


r a r b 
r a + r b 


Provisions can easily he made in the circuit of Fig. 1 1 to 
vary the multivibrator pulse length while maintaining an es- 
sentially constant pulse repetition rate. The circuit shown in 
Fig. 12 incorporates a potentiometer Rp for varying the 
width of pulses generated by the astable multivibrator to drive 
a light-emitting diode (LED). 



varying duty cycle. 

Fig. 13 shows a circuit incorporating independent controls 
(Ron anc * ROFF) ,0 establish the “on” and “off” periods of 
the current supplied to the LED. The network between points 
“A” and “B” is analogous in function to that of the 1 00- 
kilohm resistor R in Fig. 12. 


+30V 



independent control of LED "on-off" periods. 

The CA3094 is also suitable for use in monostable multi- 
vibrators. as shown in Fig. 14. In essence, this circuit is a pulse 
counter in which the duration of the output pulses is inde- 
pendent of trigger-pulse duration. The meter reading is a func- 
tion of the pulse repetition rate which can be monitored with 
the speaker. 



Current- or Voltage-Controlled Oscillators 

Because the transconductance of the CA3094 varies lin- 
early as a function of the amplifier bias current (I^BC) SU P' 
plied to terminal 5, the design of a current- or voltage-con- 
trolled oscillator is straightforward, as shown in Fig. 15. 
Fig. 16 and 17 show oscillator frequency as a function of 
Iabc a current-controlled oscillator for two different 
values of capacitor C in Fig. 15. The addition of an appropri- 




Fig. 16-Frequency as a function of > aqq for C=1000 pF 
for circuit in Fig. IS. 

ate resistor (R) in series with terminal 5 in Fig. 15 converts the 
circuit into a voltage-controlled oscillator. Linearity with re- 
spect to either current or voltage control is within 1 per cent 
over the middle half of the characteristics. However, variation 
in the symmetry of the output pulses as a function of fre- 
quency is an inherent characteristic of the circuit in Fig. 15, 
and leads to distortion when this circuit is used to drive the 
phase detector in phase-locked-loop applications. This type of 
distortion can be eliminated by interposing an appropriate 
flip-flop between the output of the oscillator and the phase- 
locked discriminator circuits. 



Fig. 17— Frequency as a function of I/\qq for C^IOO pF 
for circuit in Fig. 15. 


Comparators (Threshold Detectors) 

Comparator circuits are easily implemented with the 
CA3094, as shown by the circuits in Fig. 18. The circuit of 
Fig. 18(a) is arranged for dual-supply operation; the input volt- 
age exceeds the positive threshold, the output voltage swings 
essentially to the negative supply-voltage rail (it is assumed 
that there is negligible resistive loading on the output ter- 
minal). An input voltage that exceeds the negative threshold 
value results in a positive voltage output essentially equal to 
the positive supply voltage. The circuit in Fig. 18(b), con- 
nected for single-supply operation, functions similarly. 




Fig. 18— Comparators (threshold detectors) — dual- and single-supply 
types. 


Fig. 19 shows a dual-limit threshold detector circuit in 
which the high-level limit is established by potentiometer R1 



and the low-level limit is set by potentiometer R2 to actuate 
the CA3080 low-limit detector.*'- A positive output signal is 
delivered by the CA3094 whenever the input signal exceeds 
either the high-limit or the low-limit values established by the 
appropriate potentiometer settings. This output voltage is ap- 
proximately 1 2 volts with the circuit shown. 

The high current-handling capability of the CA3094 makes 
it useful in Schmitt power-trigger circuits such as that shown 
in Fig. 20. In this circuit, a relay coil is switched whenever the 


+ 30 V 



LOWER TRIP POINT 3(30-0. 026RJ 5_ 

K R 2 + R 3 

Fig.20— Precision Schmitt power-trigger circuit. 
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input signal traverses a prescribed upper or lower trip point, as 
defined by the following expressions: 

Upper T, ip Poim=30( R|+ ^ + R3 ) 

Lower Trip Point s (30 - 0.026R1 ) 

The circuit is applicable, for example, to automatic ranging. 
With the values shown in Fig. 20, the relay coil is energized 
when the input exceeds approximately 5.9 volts and remains 
energized until the input signal drops below approximately 
5.5 volts. 

Power-Supply Regulators 

The CA3094 is an ideal companion device to the CA3085 
series regulator circuits 4 in dual-voltage tracking regulators 
that handle currents up to 100 milliamperes. in the circuit of 
Fig. 21. the magnitude of the regulated positive voltage pro- 
vided by the CA3085A is adjusted by potentiometer R. A 
sample of this positive regulated voltage supplies the power 
for the CA3094A negative regulator and also supplies a refer- 


* L 

r-WV — - 1 




Fig. 21 -Dual-voltage tracking regulator. 

ence voltage to its terminal 3 to provide tracking. This circuit 
provides a maximum line regulation equal to 0.075 per cent 
per volt of input voltage change and a maximum load regula- 
of 0.075 per cent of the output voltage. 

Fig. 22 shows a regulated high-voltage supply similar to the 
type used to supply power for Geiger-Mueller tubes. The 
CA3094, used as an oscillator, drives a step-up transformer 
which develops suitable high voltages for rectification in the 
RCA44007 diode network. A sample of the regulated output 
voltage is fed to the CA3080A operational transconductance 
amplifier through the 198-megohm and 9 10-kilohm divider to 
control the pulse repetition rate of the CA3094. Adjustment 
of potentiometer R determines the magnitude of the regulated 
output voltage. Regulation of the desired output voltage is 
maintained within one per cent despite load-current variations 
of 5 to 26 microamperes. The dc-to-dc conversion efficiency 
is about 48 per cent. 

Timers 

The programmability feature inherent in the CA3094 (and 
operational transconductance amplifiers in general) simplifies 
the design of presettable timers such as the one shown in 
Fig. 23. Long timing intervals (e.g., up to 4 hours) are achieved 
by discharging a timing capacitor Cj into the signal-input ter- 
minal (e.g.. No. 3) of the CA3094. This discharge current is 
controlled precisely by the magnitude of the amplifier bias 
current programmed into terminal 5 through a resistor 
selected by switch S2. Operation of the circuit is initiated by 
charging capacitor Cj through the momentary closing of 
switch S]. Capacitor C| starts discharging and continues dis- 
charging until voltage Ej is less than voltage E2. The differ- 
ential input transistors in the CA3094 then change state, and 
terminal 2 draws sufficient current to reverse the polarity of 
the output voltage (terminal 6). Thus, the CA3094 not only 
has provision for readily presetting the time delay, but also 
provides significant output current to drive control devices 
such as thyristors. Resistor R5 limits the initial charging cur- 
rent for Cj. Resistor R7 establishes a minimum voltage of at 


least 1 volt at terminal 2 to insure operation within the 
common-mode-input range of the device. The diode limits the 
maximum differential input voltage to 5 volts. Gross changes 
in time-range selection are made with switch S2, and vernier 
trimming adjustments are made vith potentiometer R$. 



Hg* 5.1 MO - SO MIN. R 6 -50KQ 
R 3 «22Mfl - 2 HRS. R7*2.7 Kfl 

R 4 >44Ma- 4 HRS. R$ ■ 1.5 Kfi 92CS -20276 

Fig.23-Presettable analog timer. 

In some timer applications, such as that shown in Fig. 24, 
a meter readout of the elapsed time is desirable. This circuit 
uses the CA3094 and the CA3083 transistor array 5 to con- 

+ 30 V 


trol the meter and a load-switching triac. The timing cycle 
starts with the momentary closing of the start switch to charge 
capacitor Cj to an initial voltage determined by the 50-kilohm 
vernier timing adjustment. During the timing cycle, capacitor 
C| is discharged by the input bias current at terminal 3, 
which is a function of the resistor value Rj chosen by the 
time-range selection switch. During the timing cycle the out- 
put of the CA3094, which is also the collector voltage of Qj , 

is "high". The base drive for Qj is supplied from the positive 
supply through a 91-kilohm resistor. The emitter of Qj, 
through the 75-ohm resistor, supplies gate-trigger current to 
the triac. Diode-connected transistors Q4 and Q5 are con- 
nected so that transistor Q[ acts as a constant-current source 
to drive the triac. As capacitor Cj discharges, the CA3094 
output voltage at terminal 6 decreases until it becomes less 
than the Vc£ sat of Qj. At this point the flow of drive cur- 
rent to the triac ceases and the timing cycle is ended. The 
20-kilohm resistor between terminals 2 and 6 of the CA3094 
is a feedback resistor. Diode-connected transistors Q2 and Q3 
and their associated networks serve to compensate for non- 
linearities in the discharge-circuit network by bleeding cor- 
rective current into the 20-kilohm feedback resistor. Thus, 
current flow in the meter is essentially linear with respect to 
the timing period. The time periods as a function of Rj are 
indicated on the Time -Range Selection Switch in Fig. 24. 
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Alarm Circuit 

Fig. 25 shows an alarm circuit utilizing two “sensor” 
lines. In the “no-alarm” state, the potential at terminal 2 is 
lower than the potential at terminal 3, and terminal 5 OaBC) 
is driven with sufficient current through resistor R5 to keep 
the output voltage “high”. If either "sensor” line is opened, 
shorted to ground, or shorted to the other sensor line, the 
output goes “low” and activates some type of alarm system. 
The back-to-back diodes connected between terminals 2 and 3 
protect the CA3094 input terminals against excessive differen- 
tial voltages. 



Fig.25-Alarm system. 

Motor-Speed Controller System 

Fig. 26 illustrates the use of the CA3094 in a motor-speed 
controller system. Circuitry associated with rectifiers Dj and 
D 2 comprises a full-wave rectifier which develops a train of 
half-sinusoid voltage pulses to power the dc motor. The motor 
speed depends on the peak value of the half-sinusoids and the 
period of time (during each half-cycle) the SCR is conductive. 



Fig.26-Motor-speed controller system. 

The SCR conduction, in turn, is controlled by the time dura- 
tion of the positive signal supplied to the SCR by the phase 
comparator. The magnitude of the positive dc voltage sup- 
plied to terminal 3 of the phase comparator depends on 
motor-speed error as detected by a circuit such as that shown 
in Fig. 27. This dc voltage is compared to that of a fixed-am- 
plitude ramp wave generated synchronously with the ac -line- 
voltage frequency. The comparator output at terminal 6 is 
“high” (to trigger the SCR into conduction) during the period 
when the ramp potential is less than that of the error voltage 
on terminal 3. The motor-current conduction period is in- 
creased as the error voltage at terminal 3 is increased in the 
positive direction. Motor-speed accuracy of ±1 per cent is 
easily obtained with this system. 

Motor-Speed Error Detector. Fig. 27(a) shows a motor- 
speed error detector suitable for use with the circuit of Fig. 26. 
A CA3080 operational transconductance amplifier is used as a 
voltage comparator. The reference for the comparator is es- 
tablished by setting the potentiometer R so that the voltage 
at terminal 3 is more positive than that at terminal 2 when the 
motor speed is too low. An error voltage Ej is derived from a 
tachometer driven by the motor. When the motor speed is too 
low, the voltage at terminal 2 of the voltage comparator is 
less positive than that at terminal 3, and the output voltage at 
terminal 6 goes "high”. When the motor speed is too high, the 
opposite input conditions exist, and the output voltage at ter- 
minal 6 goes “low”. Fig. 27(b) also shows these conditions graph- 
ically, with a linear transition region between the “high” and 
“low” output levels. This linear transition region is known as 
“proportional bandwidth”. The slope of this region is deter- 


mined by the proportional bandwidth control to establish the 
error-correction response time. 



92CS-20Z76 

Fig. 27-Motor speed error detector. 

Synchronous Ramp Generator. Fig. 28 shows a schematic 
diagram and signal waveforms for a synchronous ramp gener- 
ator suitable for use with the motor-controller circuit of 
Fig. 26. Terminal 3 is biased at approximately +2.7 volts 
(above the negative supply voltage). The input signal Ejn at 
terminal 2 is a sample of the half-sinusoids (at line frequency) 
used to power the motor in Fig. 26. A synchronous ramp sig- 
nal is produced by using the CA3094 to charge and discharge 
capacitor Cj in response to the synchronous toggling of Ejpj. 



Fig.28— Synchronous ramp generator with input and output 
waveforms. 


The charging current for C j is supplied by terminal 6. When 
terminal 2 swings more positive than terminal 3, transistors 
Ql2 and Q13 in the CA3094 (Fig. l)lose their base drive and 
become non-conductive. Under these conditions, Cj discharges 
linearly through the external diode D3 and the Qiq, Dg path 
in the CA3094 to produce the ramp wave. The ^out signal is 
supplied to the phase comparator in Fig. 26. 

Thyristor Firing Circuits 

Temperature Controller. In the temperature control system 
shown in Fig. 29, the differential input of the CA3094 is con- 
nected across a bridge circuit comprised of a PTC (positive- 
temperature-coefficient) temperature sensor, two 75-kilohm 
resistors, and an arm containing the temperature set control. 


When the temperature is “low”, the resistance of the PTC-type 
sensor is also low; therefore, terminal 3 is more positive than 
terminal 2 and an output current from terminal 6 of the 
CA3094 drives the triac into conduction. When the tempera- 
ture is “high”, the input conditions are reversed and the triac 
is cut off. Feedback from terminal 8 provides hysteresis to the 
control point to prevent rapid cycling of the system. The 
1.5-kilohm resistor between terminal 8 and the positive supply 
limits the triac gate current and develops the voltage for the 
hysteresis feedback. The excellent power-supply-rejection and 
common-mode-rejection ratios of the CA3094 permit accurate 
repeatability of control despite appreciable power-supply rip- 
ple. The circuit of Fig. 29 is equally suitable for use with 
NTC (negative-temperature-coefficient) sensors provided the 
positions of the sensor and the associated resistor R are inter- 
changed in the circuit. The diodes connected back-to-back 
across the input terminals of the CA3094 protect the device 
against excessive differential input signals. 

Thyristor Control from AC-Bridge Sensor. Fig. 30 shows a 
line-operated thyristor-firing circuit controlled by a CA3094 
that operates from an ac -bridge sensor. This circuit is particu- 
larly suited to certain classes of sensors that cannot be oper- 
ated from dc. The CA3094 is inoperative when the high side of 
the ac line is negative because there is no l^BC su PPty t0 
terminal 5. When the sensor bridge is unbalanced so that 
terminal 2 is more positive than terminal 3, the output stage of 
the CA3094 is cut off when the ac line swings positive, and the 
output level at terminal 8 of the CA3094 goes “high”. Cur- 
rent from the line flows through the 1N3193 diode to charge 
the 100-microfarad reservoir capacitor, and also provides cur- 
rent to drive the triac into conduction. During the succeeding 
negative swing of the ac line, there is sufficient remanent en- 
ergy in the reservoir capacitor to maintain conduction in the 
triac. 



Fig.30-Line operated thyristor-firing circuit controlled by 
acbridge sensor. 

When the bridge is unbalanced in the opposite direction so 
that terminal 3 is more positive than terminal 2, the output of 
the CA3094 at terminal 8 is driven sufficiently “low” to 
“sink” the current supplied through the 1N3193 diode so 
that the triac gate cannot be triggered. Resistor Rj supplies 
the hysteresis feedback to prevent rapid cycling between turn- 
on and turn-off. 

Battery-Charger Regulator Circuit 

The circuit for a battery-charger regulator circuit using the 
CA3094 is shown in Fig. 31. This circuit accurately limits the 
peak output voltage to 14 volts, as established by the zener 
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diode connected across terminals 3 and 4. When the output 
voltage rises slightly above 14 volts, signal feedback through a 
100-kilohm resistor to terminal 2 reduces the current drive 
supplied to the 2N3054 pass transistor from terminal 6 of the 
CA3094. An incandescent lamp serves as the indicator of 
charging-current flow. Adequate limiting provisions protect 
the circuit against damage under load-short conditions. The 
advantage of this circuit over certain other types of regulator 
circuits is that the reference voltage supply doesn’t drain the 
battery when the power supply is disconnected. This feature 
is important in portable service applications, such as in a 
trailer where a battery is kept “on-charge” when the trailer is 
parked and power is provided from an ac line. 



Fig.31 -Battery-charger regulator circuit. 


ihe CA3094 is ideally suited for GFI applications because 
it can be operated from a single supply, has adequate sensi- 
tivity, and can drive a relay or thyristor directly to effect 
power interruption. Fig. 32 shows a typical GFI circuit. 
Vernier adjustment of the trip point is made by the RxRIP 
potentiometer. When the differential current sensor supplies a 



3 C 2 *AC BY-PASS 6 v»ITH NO INPUT SIGNAL TERM- 

4. OFFSET ADJ. INCLUDED IN R TRIP INAL 8 (OUTPUT) AT + 3G VOLTS 


Ground-Fault Interrupters (GFI) 

Ground-fault-interrupter systems are used to continuously 
monitor the balance of current between the high and neutral 
lines of power-distribution networks. Power is interrupted 
whenever the unbalance exceeds a preset value (e.g., 5 milliam- 
peres). An unbalance of current can occur when, for example, 
defective insulation in the high side of the line permits leakage 
of current to an earth ground. GFI systems can be used to re- 
duce the danger of electrocution from accidental contact with 
a “high” line because the unbalance caused by the leakage of 
current from the “high” line through a human body to ground 
results in an interruption of current flow. 



VOLTAGE BETWEEN 
TERMINALS 2 a 4 

VOLTAGE BETWEEN 

TERMINALS 3 84 
(ADJUSTABLE WITH 
"TRIP* 


Fig.32— Ground fault interrupter (GFI) and waveform pertinent 


to ground fault detector. 


signal that exceeds the selected trip-point voltage level (e.g., 
60 millivolts), the CA3094 is toggled “on” and terminal 8 
goes “low” to energize the circuit-breaker trip coil. Under 
quiescent conditions, the entire circuit consumes approximate- 
ly 1 milliampere. The resistor R, connected to one leg of the 
current sensor, provides current limiting to protect the 
CA3094 against voltage spikes as large as 100 volts. Fig. 32 
also shows the pertinent waveform for the GFI circuit. 

Because hazards of severe electrical shock are a potential 
danger to the individual user in the event of malfunctions in 
GFI apparatus, it is mandatory that the highest standards of 
good engineering practice be employed in designing equipment 
for this service. Every consideration in design and application 
must be given to the potentially serious consequences of com- 
ponent malfunction in such equipment. Use of “reliability- 
through-redundancy” concepts and so-called “fail-safe” fea- 
tures is encouraged. 
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An 1C Operational-Transconductance-Amplifier 
(OTA) With Power Capability 

by L. Kaplan and H. Wittlinger 


The actual performance of the circuit shown in Fig. 4 is 
plotted in Fig. 5. Both signal-to-noise ratio and total 
harmonic distortion are shown as a function of signal input. 
Figs. 5(b) and (c) show how the signal-handling capability of 
the circuit is extended through the connection of diodes on 


In 1969, RCA introduced the first triple operational- 
transconductance-amplifier or OTA. The wide acceptance of 
this new circuit concept prompted the development of the 
single, highly linear operational-transconductance-amplifier, 
the CA3080. Because of its extremely linear transconduct- 
ance characteristics with respect to amplifier bias current, the 
CA3080 gained wide acceptance as a gain-control block. The 
CA3094 improved on the performance of the CA3080 
through the addition of a pair of transistors; these transistors 
extended the current-carrying capability to 300 milliamperes, 
peak. This new device, the CA3094, is useful in an extremely 
broad range of circuits in consumer and industrial 
applications; this paper describes only a few of the many 
consumer applications. 

WHAT IS AN OTA? 

The OTA, operational-transconductance-amplifier, con- 
cept is as basic as the transistor; once understood, it will 
broaden the designer’s horizons to new boundaries and make 
realizable designs that were previously unobtainable. Fig. 1 
shows an equivalent diagram of the OTA. The differential 
input circuit is the same as that found on many modern 
operational amplifiers. The remainder of the OTA is 
composed of current mirrors as shown in Fig. 2. The 
geometry of these mirrors is such that the current gain is 
unity. Thus, by highly degenerating the current mirrors, the 
output current is precisely defined by the differential-input 
amplifier. Fig. 3 shows the output-current transfer-character- 
istic of the amplifier. The shape of this characteristic remains 



Fig. 1- Equivalent diagram of the OTA. 



Fig. 2- Current mirrors W, X, Y, and Z used in the OTA. 


constant and is independent of supply voltage. Only the 
maximum current is modified by the bias current. 

The major controlling factor in the OTA is the input 
amplifier bias current lABCi as explained in Fig. 1, the total 
output current and gm are controlled by this current. In 
addition, the input bias current, input resistance, total supply 
current, and output resistance are all proportional to this 

amplifier bias current. These factors provide the key to the 
performance of this most flexible device, an idealized 



Fig. 3- The output-current transfer-characteristic of the 
OTA is the same as that of an idealized differential 
amplifier. 

differential amplifier, i.e., a circuit in which differential input 
to single-ended output conversion can be realized. With this 
knowledge of the basics of the OTA, it is possible to explore 
some of the applications of the device. 

DC Gain Control 

The methods of providing dc gain-control functions are 
numerous. Each has its advantage - simplicity, low cost, high 
level control, low distortion. Many manufacturers who have 
nothing better to offer propose the use of a four-quadrant 
multiplier. This is analogous to using an elephant to carry a 
twig. It may be elegant but it takes a lot to keep it going! 
When operated in the gain-control mode, one input of the 
standard transconductance multiplier is offset so that only 
one half of the differential input is used; thus, one-half of the 
multiplier is being thrown away. 

The OTA, while providing excellent linear amplifier 
characteristics, does provide a simple means of gain control. 
For this application the OTA may be considered the 
realization of the ideal differential amplifier in which the full 
differential amplifier gm is converted to a single-ended 
output. Because the differential amplifier is ideal, its gm is 
directly proportional to the operating current of the 
differential-amplifier; in the OTA the maximum output 
current is equal to the amplifier bias current IaBC- Thus, by 
varying the amplifier bias current, the amplifier gain may be 
varied; A = Gm Rl where Rl is the output load resistance. 
Fig. 4 shows the basic configuration of the OTA dc 
gain-control circuit. ^ 

As long as the differential input signal to the OTA 
remains under 50-millivolts peak-to-peak, the deviation from 
a linear transfer will remain under 5 percent. Of course, the 
total harmonic distortion will be considerably less than this 
value. Signal excursions beyond this point only result in an 
undesired “compressed” output. The reason for this 
compression can be seen in the transfer characteristic of the 
differential amplifier in Fig. 3. Also shown in Fig. 3 is a curve 
depicting the departure from a linear line of this transfer 
characteristic. 



Fig. 4- Basic configuration of the OTA dc gain-control 
circuit. 



INPUT VOLTAGE 
(C) 

Fig. 5— Performance curves for the circuits of Figs. 4 and 6. 

the input as shown in Fig. 6.2 Fig. 7 shows total system gain 
as a function of amplifier bias current for several values of 
diode current. Fig. 8 shows an oscilloscope photograph of 
the CA3080 transfer characteristic as applied to the circuit of 
Fig. 4. The oscilloscope photograph of Fig. 9 was obtained 
with the circuit shown in Fig. 6. Note the improvement in 



Fig. 6- A circuit showing how the signal-handling 
capability of the circuit of Fig. 4 can be extended 
through the connection of diodes on the input. 
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Fig. 7- Total system gain as a function of amplifier bias 
current for several values of diode current. 
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Fig. 8- Oscilloscope photograph of the CA3080 transfer 
characteristic as applied to the circuit of Fig. 4. 



0.5 V/DIV. HORIZONTAL 
50 (iA/ DIV. VERTICAL 

Iabc*'0°mA 

OIODE CURRENT > I mA 

Fig. 9- Oscilloscope photograph of the CA3080 transfer 
characteristic as applied to the circuit of Fig. 6. 

linearity of the transfer characteristic. Reduced input 
impedance does result from this shunt connection. Similar 
techniques could be used on the OTA output, but then the 
output signal would be reduced and the correction circuitry 
further removed from the source of non-linearity. It must be 
emphasized that the input circuitry is differential. 

Simplified Differential-Input to Single-Ended 
Output Conversion 

One of the more exacting configurations for operational 
amplifiers is the differential-to-single-ended conversion 
circuit. Fig. 10 shows some of the basic circuits that are 
usually employed. The ratios of the resistors must be 
precisely matched to assure the desired common-mode 
rejection. Fig. 1 1 shows another system using the CA3080 to 
obtain this conversion without the use of precision resistors. 
Differential input signals must be kept under ±26-millivolts 
for better than 5-percent non-linearity. The common-mode 
range is that of the CA3080 differential amplifier. In 


addition, the gain characteristic follows the standard 
differential-amplifier Gm-temperature coefficient of 
-0.3 %/°C. Although the system of Fig. 1 1 does not provide 
the precise gain control obtained with the standard 
operational-amplifier approach, it does provide a good simple 
compromise suitable for many differential transducer- 
amplifier applications. 


R2 



Fig. 10- Some typical differential-to-single-ended conversion 
circuits. 


THE CA3094 

The RCA CA3094 offers a unique combination of 
characteristics that suit it ideally to use as a programmable 
gain block for audio power amplifiers. It is a transconduct- 
ance amplifier in which gain and open-loop bandwidth can be 
controlled between wide limits. The device has a large reserve 
of output-current capability, and breakdown and power- 
dissipation ratings sufficiently high to allow it to drive a 
complementary pair of transistors. For example, a 12-watt 
power-amplifier stage (8-ohm load) can be driven with peak 
currents of 35 milliamperes (assuming a minimum output- 
transistor beta of 50) and supply voltages of ±18 volts. In 
this application, the RCA CA3094A is operated substantially 
below its supply-voltage rating of 44-volts max. and its 
dissipation rating of 1 .6-watts max. Also in this application, a 
high value of open-loop gain suggests the possibility of 



Fig. 11- A differential -to-single-ended conversion circuit 
without precision resistors. 


precise adjustment of frequency-response characteristics by 
adjustment of impedances in the feedback networks. 

Implicit Tone Controls 

In addition to low distortion, the large amount of loop 
gain and flexibility of feedback arrangements available when 
using the CA3094 make it possible to incorporate the tone 
controls into the feedback network that surrounds the entire 
amplifier system. Consider the gain requirements of a 
phonograph playback system that uses a typical high-quality 
magnetic cartridge. 3 A desirable system gain would result in 
from 2 to 5 watts of output at a recorded velocity of 1 cm/s. 
Magnetic pickups have outputs typically ranging from 4 to 
10 millivolts at 5 cm/s. To get the desired output, the total 
system needs about 72 dB of voltage gain at the reference 
frequency. 

Fig. 1 2 is a block diagram of a system that uses a passive 
or “losser”-type of tone-control circuit that is inserted ahead 
of the gain control. Fig. 13 shows a system in which the tone 
controls are implicit in the feedback circuits of the power 
amplifier. Both systems assume the same noise input voltage 
at the equalizer and main-amplifier inputs. The feedback 
system shows a small improvement (3.8 dB) in signal-to-noise 
ratio at maximum gain but a dramatic improvement (20 dB) 
at the zero gain position. For purposes of comparison, the 
assumption is made that the tone controls are set “flat” in 
both cases. 

Cost Advantages 

In addition to the savings resulting from reduced parts 
count and circuit size, the use of the CA3094 leads to further 
savings in the power-supply system. Typical values of 
power-supply rejection and common-mode rejection are 90 
and 100 dB, respectively. An amplifier with 40 dB of gain 
and 90 dB of power-supply rejection would require 316 
millivolts of power-supply ripple to produce one millivolt of 
hum at the output. Thus, no further filtering is required 
other than that given by the energy-storage capacitor at the 
output of the rectifier system. 

POWER AMPLIFIER USING THE CA3094 

A complete power amplifier using the CA3094 and three 
additional transistors is shown schematically in Fig. 14. The 
amplifier is shown in a single-channel configuration, but 
power-supply values are designed to support a minimum of 
two channels. The output section comprises Q1 and Q2, 
complementary epitaxial units connected in the familiar 
“bootstrap” arrangement. Capacitor C3 provides added base 
drive for Q1 during positive excursions of the output. The 
circuit can be operated from a single power supply as well as 
from a split supply as shown in Fig. 15. The changes required 
for 14.4-volt operation with a 3.2-ohm speaker are also 
indicated in the diagram. 

The amplifier may also be modified to accept input from 
ceramic phonograph cartridges. For standard inputs 
(equalizer preamplifiers, tuners, etc.) Cl is 0.047, R1 is 250 
kilohms, and R2 and C2 are omitted. For ceramic-cartridge 
inputs. Cl is 0.0047, R1 is 2.5 megohms, and the jumper 
across C2 is removed. 

Output Biasing 

Instead of the usual two-diode arrangement for establish- 
ing idling currents in Q1 and Q2, a “Vbe Multiplier”, 
transistor Q3, is used. This method of biasing establishes the 
voltage between the base of Q1 and the base of Q2 at a 
constant multiple of the base-to-emitter voltage of a single 
transistor while maintaining a low variational impedance 
between its collector and emitter (see Appendix A). If 
transistor Q3 is mounted in intimate thermal contact with 
the output units, the operating temperature of the heat sink 
forces the Vbe of Q 3 op and down inversely with heat-sink 
temperature. The voltage bias between the bases of Q1 and 
Q2 varies inversely with heat-sink temperature and tends to 
keep the idling current in Q1 and Q2 constant. 

A bias arrangement that can be accomplished at lower 
cost than those already described replaces the Vbe multiplier 
with a 1N539I diode in series with an 8.2-ohm resistor. This 
arrangement does not provide the degree of bias stability of 
the Vbe multiplier, but is adequate for many applications. 

Tone-Controls 

The tone controls, the essential elements of the feedback 
system, are located in two sets of parallel paths. The bass 
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E n >0 5 mV AT MIN VOL 


E n *4 mV AT MIN VOL 

Fig. 12- Block diagram of a system using a "losser"-type tone-control circuit. 


Fig. 13- A system in which tone controls are implicit in the feedback circuit of the 
power amplifier. 



Fig. 14- A complete power amplifier using the CA3094 and three additional transistors. 



.) 



Fig. 16- The measured response of the amplifier at extremes of tone-control rotation. 



POWER OUTPUT - WATTS 

Fig. 17- Total harmonic distortion of the amplifier with an 
unregula ted po wer supply. 


network includes R3, R4, R5, C4, and C5. C6 blocks the dc 
from the feedback network so that the dc gain from input to 
the feedback takeoff point is unity. The residual dc-output- 

R 1 1 + R 1 2 

voltage at the speaker terminals is then I ABC Rl — — 

where R] is the source resistance. The input bias current is 

I ABC (Vcc-Vbe) . , 

then -- -- — . The treble network consists of 

Ip zpKo 

R7, R8, R9, RIO, C7, C8, C9, and C 10. Resistors R7 and R9 
limit the maximum available cut and boost, respectively. The 
boost limit is useful in curtailing heating due to finite 
turn-off time in the output units. The limit is also desirable 


when there are tape recorders nearby. The cut limit aids the 
stability of the amplifier by cutting the loop gain at higher 
frequencies where phase shifts become significant. 

In cases in which absolute stability under all load 
conditions is required, it may be necessary to insert a small 
inductor in the output lead to isolate the circuit from 
capacitive loads. A 3-microhenry inductor (1 ampere) in 
parallel with a 22-ohm resistor is adequate. The derivation of 
circuit constants is shown in Appendix B. Curves of control 
action versus electrical rotation are also given. 

Performance 

Fig. 16 is a plot of the measured response of the 


complete amplifier at the extremes of tone-control rotation. 
A comparison of Fig. 16 with the computed curves of 
Fig. B4 (Appendix B) shows good agreement. The total 
harmonic distortion of the amplifier with an unregulated 
power supply is shown in Fig. 17; IM distortion is plotted in 
Fig. 18. Hum and noise are typically 700 microvolts at the 
output, or 83-dB down. 

COMPANION RIAA PREAMPLIFIER 

Many available preamplifiers are capable of providing the 
drive for the power amplifier of Fig. 14. Yet the unique 
characteristics of the amplifier - its power supply, input 
impedance, and gain - make possible the design of an RIAA 
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preamplifier that can exploit these qualities. Since the input 
impedance of the amplifier is essentially equal to the value of 
the volume-control resistance (250 kilohms), the preamplifier 
need not have high output-current capability. Because the 
gain of the power amplifier is high (40 dB) the preamplifier 
gain only has to be approximately 30 dB at the reference 
frequency (1 kHz) to provide optimum system gain. 

Fig. 19 shows the schematic diagram of a CA3080 
preamplifier. The CA3080, a low-cost OTA, provides 
sufficient open-loop gain for all the bass boost necessary in 
RJAA compensation. For example, a gm of 10,000 
micromhos with a load resistance of 250 kilohms provides an 
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Fig. 18- IM distortion of the amplifier with an unregulated 
supply. 

open-loop gain of 68 dB, thus allowing at least 18 dB of loop 
gain at the lowest frequency. The CA3080 can be operated 
from the same power supply as the main amplifier with only 
minimal decoupling because of the high power-supply 
rejection inherent in the device circuitry. In addition, the 
high voltage-swing capability at the output enables the 
CA3080 preamplifier to handle badly over-modulated (over- 
cut) recordings without overloading. The accuracy of 
equalization is within ±1 dB of the R1AA curve, and 
distortion is virtually unmeasurable by classical methods. 
Overload occurs at an output of 7.5 volts, which allows for 
undistorted inputs of up to 186 millivolts (260 millivolts 
peak). 



Fig. 19- A CA3080 preamplifier. 


APPENDIX A - V be MULTIPLIER 


The equivalent circuit for the V be multiplier is shown 
in Fig. Al. The voltage Ej is given by: 


n Rll.,, 
E '“7ST ,v b' 


,L -B. '- .l 

L R2<0 + 1)J 


The value of V be is itself dependent on the emitter 
current of the transistor, which is, in turn, dependent on 
the input current 1 since: 

The derivative of Eq. Al with respect to I yields the 
incremental impedance of the V be multiplier: 


dE i R 1 
dl ~ Z ~ H+\ 


r BRl T K 3 R2 "1 

^ |_ 1+ (^+l) R2j[R2le+K 3 J (A3) 


where K 3 is a constant of the transistor Ql and can be 
found from: 


V be = K 3 lnl e K2 



Fig. A 1- Equivalent circuit for the Vp e multiplier. 

Eq. A4 is but another form of the diode equation: 4 

( qVbe \ 

e KT - 1 ) (A5) 

Using the values shown in Fig. 14 plus data on the 
2N5494 (a typical transistor that could be used in the 
circuit), the dynamic impedance of the circuit at a total 
current of 40 milliamperes is found to be 4.6 ohms. In 
the actual design of the V be multiplier, the value of IR2 
must be greater than V be or the transistor will never 
become forward biased. 

APPENDIX B - TONE CONTROLS 

Fig. B1 shows four operational-amplifier circuit con- 
figurations and the gain expressions for each. The asymp- 
totic low-frequency gain is obtained by letting S approach 
zero in each case: 


Treble Boost: Alow = “ 


Treble C ut : Alow = 

The asymptotic high-frequency gain is obtained by lettinj 
S increase without limit in each expression: 


Bass boost; 

R1+R2 

AHigh = -R2 _ 

Bass cut: 

R1+R2 
A High " R2 

Treble boost: 

* (c3+C4 

AHigh =1+C1 y~c3C4 t 

C2 + ^- 
AHiph = C1+C4 

C1+C2 

Treble cut: 


Note that the expressions for high-frequency gain are 
identical for both bass circuits, while the expressions for 
low-frequency gain are identical for the treble circuits. 

Fig. B2 shows cut and boost bass and treble controls 
that have the characteristics of the circuits of Fig. Bl. 
The value REFF in the treble controls of Fig. Bl is 
derived from the parallel combination of R1 and R2 of 
Fig. B2 when the control is rotated to its maximum 
counterclockwise position. When the control is rotated to 
its maximum clockwise position, the value is equal to 
RI. 

To compute the circuit constants, it is necessary to 
decide in advance the amounts of boost and cut desired. 
The gain expressions of Fig. Bl indicate that the slope of 
the amplitude versus frequency curve in each case will be 
6 dB per octave (20 dB per decade). If the ratios of 
boosted and cut gain are set at 10, i.e.: 

Bass circuit: ALow(Boost) = 10 AMid 

* A Mid 

A Low(Cut) _ jQ 


Treble Circuit: AHigh (Boost) = 1° AMid 


10 AMid 

A High(Cut)= 10 


then the following relationships result: 


The unaffected portion of the gain (A high for the bass 
control and A low for the treble control) is 1 1 in each 


To make the controls work symmetrically, the low- 
and high-frequency break points must be equal for both 
boost and cut. 

Thus: 


Cl R3 (R1+R2) _ C2 R2R3 
R1+R2+R3 R2+R3 


Pi n ,- C2 R3 (R1+R2) 
R1+R2+R3 


R3 =* R2+R3, C2 = 10C1 


Treble Control: Rl 


(C1C4+C3C4+C1C3) 

C1+C4 

= fni< ci+c2 » 


D ,,„,_/R1R2 \(C1C44C2C4+CIC2| 
a " d “-(m) (CI+C4) 

since Cl ^ 100C2, C2 = C3 and Cl 

= 10C4, Rl = 9R2 

To make the controls work in the circuit of Fig. 14, 
breaks were set at 1000 Hz: 

for the base control 0. 1 C I R3 = - — 


and for the treble control R1C3 = = 


Response and Control Rotation 

In a practical design, it is desirable to make “fiat” 
response correspond to the 50-percent rotation position 
of the control, and to have an aural sensation of smooth 
variation of response on either side of the mechanical 
center. It is easy to show that the “flat” position of the 
bass control occurs when the wiper arm is advanced to 
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(a) BASS BOOST 



A R 1 h". h" 3 

(bl BASS CUT 



(c) TREBLE BOOST 



Fig. Bl— Four operational-amplifier circuit configurations and the gain expressions for each. 


R2 CW R 3 CCW R I 



(0) 



(b) 



Fig. B2- Cut and boost bass and treble controls that have the 
characteristics of the circuits of Fig. Bl. 


Fig. B3- A plot of the response of the circuit of Fig. 14 with bees and treble tone 
controls combined at various settings of both controls. 




ELECTRICAL ROTATION OF TREBLE CONTROL 


91 -percent of its total resistance. The amplitude response 
of the treble control is, however, never completely “flat”; 
a computer was used to generate response curves as 
controls were varied. 

Fig. B3 is a plot of the response with bass and treble 
tone controls combined at various settings of both con- 
trols. The values shown are the practical ones used in the 
actual design. Fig. B4 shows the information of Fig. B3 
replotted as a function of electrical rotation. The ideal 
taper for each control would be the complement of the 
100-Hz plot for the bass control and the 10-kHz response 
for the treble control. The mechanical center should 
occur at the crossover point in each case. 
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Applications of the CA3085-Series 
Monolithic 1C Voltage Regulators 

by A. C. N. Sheng and L. R. Avery 


The RCA-CA3085, CA3085A, and CA3085B monolithic 
IC’s are positive-voltage regulators capable of providing output 
currents up to 100 milliamperes over the temperature range 
from -55° to +125°C. They are supplied in 8-lead TO-5 type 
packages; their characteristics and ratings are given in RCA 
Data File No. 491. The following tabulation shows some key 
characteristics and salient differences between devices in the 
CA3085 Series. 


Terminal 7 is provided for external frequency compensation; it 
can also be used to “inhibit” (strobe, squelch, pulse, key) the 
operation of the series-pass amplifier. 

Brief Description of CA3085 Schematic Diagram 

The schematic diagram of the CA3085-series circuits is 
shown in Fig. 2. The left-hand section includes the starting cir- 
cuit, the voltage-reference circuit, and the constant-current 
circuit. The center section is basically an elementary opera- 


Voltage-Error Amplifier 

Transistors Q5 and Q6 comprise the basic differential ampli- 
fier that is used as a voltage-error amplifier to compare the 
stable reference voltage applied at the base of Q5 with a 
sample of the regulator output voltage applied at terminal 6. 
The D5-Q4 combination is a current-mirror which maintains 
essentially constant-current flow to Q5 and Q6 despite varia- 
tions in the unregulated input voltage. The Q8, Q9, and D7 
network provides a “mirrored” active collector load for Q5 
and Q6 and also provides a variable single-ended drive to the 
Q13 and Q14 series-pass transistors in accordance with the dif- 
ference signal developed between the bases of Q5 and Q6. The 
open-loop gain of the error-amplifier is greater than 1000. 
Series-Pass and Current-Limiting Circuits 

In the normal mode of operation, or in the current-boost 
mode when terminals 2 and 3 are tied together, the Darlington 
pair Q13-Q 14 performs the basic series-pass regulating function 
between the unregulated input voltage and the regulated output 
voltage at terminal 1 . In the current-limiting mode transistor 
Q15 provides current-limiting to protect the CA3085 and/or 
limit the load current. To provide current-limiting protection, 
a resistor (e.g., 5 ohms) is connected between terminals 1 and 8; 
terminal 8 becomes the source of regulated output voltage. As 
the voltage drop across this resistor increases, base drive is sup- 
plied to transistor Q15 so that it becomes increasingly conduc- 
tive and diverts base drive from the Q13-Q14 pass transistor to 
reduce output current accordingly. Resistor R4 is provided to 
protect Q1 5 against overdrive by limiting its base current under 
transient and load-short conditions. 

Because the CA3085 regulator is essentially an op-amp 
having considerable feedback, frequency compensation may be 
required to prevent oscillations. Stability must also be main- 
tained despite line and load transients, even during operation 
into reactive loads (e.g., filter capacitors). Provisions are in- 
cluded in the CA3085 so that a small-value capacitor may be 
connected between terminals 6 and 7 to compensate the regu- 
lator, when necessary, by “rolling-off’ the amplifier frequency- 
response. Terminal 7 is also used to externally “inhibit” opera- 
tion of the CA3085 by diverting base current supplied to Q13- 
Q14, thereby permitting the use of keying, strobing, program- 
ming, and/or auxiliary overload-protection circuits. 

* The fundamentals of current-mirror theory are reviewed in 

the Appendix of Application Note IC AN-6668. 

APPLICATIONS 
A Simple Voltage Regulator 

Fig. 3 shows the schematic diagram of a simple regulated 
power supply using the CA3085. The ac supply voltage is 
stepped down by Tl, full-wave rectified by the diode bridge 
circuit, and smoothed by the large electrolytic capacitor Cl to 
provide unregulated dc to the CA3085 regulator circuit. Fre- 
quency compensation of the error-amplifier is provided by 
capacitor C2. Capacitor C3 bypasses residual noise in the 
reference-voltage source, and thus decreases the incremental 
noise-voltage in the regulator circuit output. 


Tl 

STANCORE 



Fig. 3- Basic power supply. 

Because the open-loop gain of the error-amplifier is very 
high (greater than 1000), the output voltage may be directly 
calculated from the following expression: 

v 0 -Mlv ref 0) 

In the circuit shown in Fig. 3, the output voltage can be ad- 
justed from 1 .8 volts to 20 volts by varying R2. The maximum 
output current is determined by R$c> load-regulation charac- 



Vi N (V!) 

v out( v o) 

Max. 

Max. Load 

Type 

Range 

Range 

JoUTOo) Regulation 


V 

V_ 

mA 

, %v 0 

CA3085 

7.5-30 

1.8-26 

12* 

0.1 

CA3085A 

7.5-40 

1.7-36 

100 

0.15 

CA3085B 

7.5-50 

1 .7-46 

100 

0.15 


* This value may be extended to 100 mA; however, regulation 
is not specified beyond 12 mA. 

In additiqn to these differences, the range of some specified 
performance parameters is more tightly controlled in the 
CA3085B than in the CA3085A, and more in the CA3085A 
than in the CA3085. 

This Note describes the basic circuit of the CA3085-series 
devices and some typical applications that include a high- 
current regulator, constant-current regulators, a switching regu- 
lator, a negative-voltage regulator, a dual-tracking regulator, 
high-voltage regulators, and various methods of providing cur- 
rent limiting. A circuit in which the CA3085 is used as a gen- 
eral-purpose amplifier is also shown. 

CIRCUIT DESCRIPTION 

The block diagram of the CA3085-series circuits is shown 
in Fig. 1. Fundamentally, the circuit consists of a frequency- 
compensated error-amplifier which compares an internally 
generated reference voltage with a sample of the output voltage 
and controls a series-pass amplifier to regulate the output. The 
starting circuit assures stable latch-in of the voltage-reference 
circuitry. The current-limiting portion of the circuit is an op- 
tional feature that protects the IC in the event of overload. 

Terminal 5 provides a source of stable reference voltage for 
auxiliary use; a current of about 250 microamperes can be 
supplied to an external circuit without significantly disturbing 
reference-voltage stability. If necessary, filtering of the inherent 
noise of the reference-voltage circuit can be accomplished by 
connecting a suitable bypass capacitor between terminals 5 
and 4. 


COMPENSATION and 
EXTERNAL INHIBIT 



Terminal 6 (the “inverting input” in accordance with opera- 
tional-amplifier terminology) is the input through which a 
sample of the regulated output voltage is applied. 

The collector of the series-pass output transistor is brought 
out separately at terminal 2 (“current booster”) to provide 
base drive for an external p-n-p transistor; this approach is one 
method of regulating currents greater than 100 milliamperes. 

Because the voltage regulator is essentially an operational 
amplifier having considerable feedback, frequency compensa- 
tion is necessary in some circuits to prevent oscillations.' 



Fig. 2- Schematic diagram of CA308S series. 
tional amplifier which serves as the voltage-error amplifier. It 
controls the series-pass Darlington pair (Q13, Q14) shown in 
the right-hand section. When controlled by an appropriate ex- 
ternal sensing network, transistor Q15 serves to provide pro- 
tective current-limiting characteristics by diverting base drive 
from the series-pass circuit. For operation at the highest cur- 
rent levels, terminals 2 and 3 are tied together to eliminate the 
voltage drop which would otherwise be developed across 
resistor R5 . 

Voltage-Reference Circuits 

The basic voltage-reference element used in the CA3085 is 
zener diode D3. It provides a nominal reference voltage of 5.5 
volts and exhibits a positive temperature coefficient of approx- 
imately 2.5 millivolts/°C. If this reference voltage were used 
directly in conjunction with the error-amplifier (Q5, Q6, etc.), 
the IC would exhibit two major undesirable characteristics: 
(1) its performance with temperature variations would be poor, 
and (2) its use as a regulator would be restricted to circuits in 
which the minimum regulated output voltages are in excess of 
5.5 volts. Consequently, it is necessary to provide means of 
compensating for the positive temperature coefficient of D3 
and at the same time provide for obtaining a stable source of 
lower reference voltage. Both temperature compensation and 
the reduction of the reference voltage are accomplished by 
means of the series divider network consisting of the base- 
emitter junction of Q3, diode D4, resistors R2 and R3, and 
diode 5. 

The voltage developed across D3 drives the divider network 
and a voltage of approximately 4 volts is developed between 
the cathode of D4 and the cathode of D5 (terminal 4). The 
current through this divider network is held nearly constant 
with temperature because of the combined temperature coef- 
ficients of the zener diode (D3), Q3 base-emitter junction, D4 
D5,and the resistors R2 and R3. This constant current through 
the diode D5 and the resistor R3 produces a voltage drop be- 
tween terminals 4 and 5 that results in the reference voltage 
(« 1.6 volts) having an effective temperature coefficient of 
about 0.0035 per cent/°C. 

The reference diode D3 receives a current of approximately 
620 microamperes from a constant-current circuit consisting of 
Q3 and the current-mirror* D6, Ql, and Q2. Current to 
startup the constant-current source initially is provided by 
auxiliary zener diode D1 and Rl. Diode D2 blocks current 
from the Rl-Dl source after latch-in of the constant-current 
source establishes a stable reference potential, and thereby pre- 
vents modulation of the reference voltage by ripple voltage on 
the unregulated input voltage. 
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teristics for various values of R§q are shown in Fig. 4. 


? 0 


■ : ilil: : H : : 

wnmmmmmb n 

»* 

ij -ai 

ffiiliSilil p 

1!! i: . ii! iiiiiiiiii iiii ? i 
:::: :::::::::::: ::: :::::::::::::::: : 

i "° 2 

■ 

iSlliili 1. Sllillili II 
::::: ::: :::::::::::::::: 

-0.3 

Hill!# l| fiiiplllil I 

-0.4 

::::::::::::::::::::::: :::: :: 


0 20 40 60 80 100 

LOAD CURRENT (I L )— mA 

92CS-I73SI 


Fig. 4- Load regulation characteristics for circuit of Fig. 3. 


When this circuit is used to provide high output currents at 
low output voltages, care must be exercised to avoid excessive 
IC dissipation. In the circuit of Fig. 3, this dissipation control 
can be accomplished by increasing the primary-to-secondary 
transformer ratio (a reduction in Vj)"or by using a dropping 
resistor between the rectifier and the CA3085 regulator. Fig. 5 
gives data on dissipation limitation (Vj-Vq vs. Iq) for CA3085- 
series circuits. 

The short-circuit current is determined as follows: 

V be 0.7 

lsc = Rsc^Rsc" amperes (2) 



92CS-I9002 

Fig. 5- Dissipation limitation (V/ — Vq vs. Iq) for CA3085 series 
circuits. 


The line- and load-regulation characteristics for the circuit 
shown in Fig. 3 are approximately 0.05 per cent of the output 
voltage. 


High-Current Voltage Regulator 

When regulated voltages at currents greater than 100 milli- 
amperes are required, the CA3085 can be used in conjunction 
with an external n-p-n pass-transistor as shown in the circuits 
of Fig. 6. In these circuits the output current available from the 
regulator is increased in accordance with the hpg of the ex- 
ternal n-p-n pass-transistor. Output currents up to 8 amperes 
can be regulated with these circuits. A Darlington power tran- 
sistor can be substituted for the 2N5497 transistor when cur- 
rents greater than 8 amperes are to be regulated. 

A simplified method of short-circuit protection is used in 
connection with the circuit of Fig. 6(a). The variable resistor 
RscP serves two purposes: (1) it can be adjusted to optimize 
the base drive requirements (hp E ) of the particular 2N5497 
transistor being used, and (2) in the event of a short-circuit in 
the regulated output voltage the base drive current in the 
2N5497 will increase, thereby increasing the voltage drop 
across R^-p. As this voltage-drop increases the short-circuit 
protection system within the CA3085 correspondingly reduces 
the output current available at terminal 8, as described pre- 



la) 


(a) with simplified short-circuit protection 



lb) with auxiliary short-circuit protection 
Fig. 6— High-current voltage regulator using n-p-n pass transistor. 

viously. It should be noted that the degree of short-circuit pro- 
tection depends on the value of Rgcp, i.e., design compromise 
is required in choosing the value of R$ E p to provide the de- 
sired base drive for the 2N5497 while maintaining the desired 
short-circuit protection. Fig. 6(b) shows an alternate circuit in 
which an additional transistor (2N5 1 83) and two resistors have 
been added as an auxiliary short-circuit protection feature. Re- 
sistor R3 is used to establish the desired base drive for the 
2N5497, as described above. Resistor Rjj ni i t now controls the 
short-circuit output current because, in the event of a short- 
circuit, the voltage drop developed across its terminals increases 
sufficiently to increase the base drive to the 2N5183 transistor. 
This increase in base drive results in reduced output from the 
CA3085 because collector current flow in the 2N5183 diverts 
base drive from the Darlington output stage of the CA3085 
(see Fig. 2) through terminal 7. The load regulation of this cir- 
cuit is typically 0.025 per cent with 0 to 3-ampere load-current 
variation; line regulation is typically 0.025 per cent/volt change 
in input voltage. 

Voltage Regulator with Low Vj-Vq Difference 

In the voltage regulators described in the previous section, it 
is necessary to maintain a minimum difference of about 4 volts 
between the input and output voltages. In some applications 
this requirement is prohibitive. The circuit shown in Fig. 7 can 
deliver an output current in the order of 2 amperes with a 
V|-V 0 difference of only one volt. 

It employs a single external p-n-p transistor having its base 
and emitter connected to terminals 2 and 3, respectively, of the 
CA3085. In this circuit, the emitter of the output transistor 
(Q14 in Fig. 2) in the CA3085 is returned to the negative sup- 
ply rail through an external resistor (Rgcp) and two series- 
connected diodes (D1 , D2). These forward-biased diodes main- 
tain Q6 in the CA3085 within linear-mode operation. The 

ZN4036 



Fig. 7- Voltage regulator for low V f - Vq difference. 

choice of resistors R1 and R2 is made in accordance with 
Eq. ( 1 ). Adequate frequency compensation for this circuit is 
provided by the 0.01 -microfarad capacitor connected between 
terminal 7 of the CA3085 and the negative supply rail. 

Fig. 8, which shows the output impedance of the circuit of 
Fig. 7 as a function of frequency, illustrates the excellent 
ripple-rejection characteristics of this circuit at frequencies 
below I kHz. Lower output impedances at the higher fre- 
quencies can be provided by connecting an appropriate capaci- 


tor across the output voltage terminals. The addition of a 
capacitor will, however, degrade the ability of the system to 
react to transient-load conditions. 



Fig. 8- Output resistance vs. frequency for circuit of Fig. 7. 

High-Voltage Regulator 

Fig. 9 shows a circuit that uses the CA3085 as a voltage- 
reference and regulator control device for high-voltage power 
supplies in which the voltages to be regulated are well above 
the input-voltage ratings of the CA3085-series circuits. The ex- 
ternal transistors Q1 and Q2 require voltage ratings in excess of 
the maximum input voltage to be regulated. Series-pass tran- 
sistor Q2 is controlled by the collector current of Q1 , which in 
turn is controlled by the normally regulated current output 
supplied by the CA3085. The input voltage for the CA3085 



Fig. 9— High-voltage regulator. 

regulator at terminal 3 is supplied through dropping resistor R3 
and the clamping zener diode Dl. The values for resistor R1 
and R2 are determined in accordance with Eq. (I ). 

Negative-Voltage Regulator 

The CA3085 is used as a negative-supply voltage regulator 
in the circuit shown in Fig. 10. Transistor Q3 is the series-pass 
transistor. It should be noted that the CA3085 is effectively 
tonnected across the load-side of the regulated system. 
Diode Dl is used initially in a “circuit-starter” function; tran- 
sistor Q2 “latches” Dl out of its starter-circuit function so that 
the CA3085 can assume its role in controlling the pass- 
transistor Q3 by means of Q1 . 



Operation of the circuit is as follows: current through R3 
and Dl provides base drive for Ql, which in turn provides 
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base drive for the pass-transistor Q3. By this means operating 
potential for the CA3085 is developed between the collector of 
Q3 (terminal 4 of the CA3085) and the positive supply-rail 
(terminal 3 of the CA3085). When the output voltage has 
risen sufficiently to maintain operation of the CA3085 
(approx. 7.5 volts), transistor Q2 is driven into conduction by 
the base drive supplied from the 1 kilohm-12 kilohm voltage 
divider. As Q2 becomes conductive, it diverts the base drive 
being supplied to Q1 through the R3-D1 path, and diode D1 
ceases to conduct. Under these conditions, base-current drive 
to Ql through terminal 2 of the CA3085 regulates the base 
drive to Q3. Values of R1 and R2 are determined in accordance 
with Eq. (1). 

The circuit shown in Fig. 11 is similar to that of Fig. 10, 
except for the addition of a constant-current limiting circuit 



Fig. 11— Negative-voltage regulator with constant-current limiting circuit. 
consisting of transistor Q4, a 1 -kilohm resistor, and resistor 
R S cp- When the load current increases above a particular de- 
sign value, the corresponding increase in the voltage drop across 
resistor R$CP provides additional base drive to transistor Q4. 
Thus, as transistor Q4 becomes increasingly conductive, its 
collector current diverts sufficient base drive from Q 3 to 
limit the current in the pass transistor feeding the regulated 
load. With the types of transistors shown in Figs. 10 and 1 1, 
maximum currents in the order of 5 amperes can be regulated. 
High-Output-Current Voltage Regulator With "Foldback" 
Current-Limiting (Also known as "Switch-Back" Current- 
Limiting) 

In high-current voltage regulators employing constant-cur- 
rent limiting (e.g., Figs. 6 and 7), it is possible to develop ex- 
cessive dissipation in the series-pass transistor when a short- 
circuit develops across the output terminals. This situation can 
be avoided by the use of the “foldback” current-limiting cir- 
cuitry as shown in Fig. 12. In this circuit, terminal 8 of the 



Fig. 12- High-output-current voltage regulator with ’’foldback'' 
current limiting. 


CA3085 senses the output voltage, and terminal 1 is tied to a 
tap on a voltage-divider network connected between the emit- 
ter of the pass-transistor (Q3) and ground. The current-foldback 
trip-point is established by the value of resistor Rg(\ 

The protective tripping action is accomplished by forward- 
biasing Ql 5 in the CA3085 (see Fig. 2). Conditions for tripping- 


circuit operation are defined by the following expressions: 
Vbe(Q 15) = (voltage at terminal l)-(output voltage) 

- [(Vo + 'LRscto^SrJ-Vo (3) 
lf SITrT K - ,hen 

V BE(Q15) = ( V 0 + ^RSC) K - v O = RV 0 + RI L R SC ~ v O 


Under low load conditions Q2 is effectively reverse-biased 
by a small amount, depending upon the values of R3 and R4. 
As the load current increases the voltage drop across Rt r jp in- 
creases, thereby raising the voltage at the base of Ql, and Q2 
starts to conduct. As Q2 becomes increasingly conductive it 
diverts base current from transistors Q13 and Q14 in the 
CA3085, and thus reduces base drive to the external pass- 
transistor Ql with a consequent reduction in the output volt- 
age. The point at which current-limiting occurs, I tr j p , is calcu- 
lated as follows: 


v O + V BE(Q15)~ KV Q 


Under load short-circuit conditions, terminal 8 is forced to 
ground potential and current flows from the emitter of Q14 in 
the CA3085, establishing terminal 1 at one Vgg-drop 
[s 0.7 V] above ground and Q15 in a partially conducting 
state. The current through Q14 necessary to establish this one- 
Vgg condition is the sum of currents flowing to ground 
through R1 and [R2 + Rg^] . Normally Rgc is much smaller 
than R2 and can be ignored; therefore, the equivalent resistance 
Rgq to ground is the parallel combination of R1 and R2. 
The Q14 current is then given by: 

, _ V BE(Q15)_ V BE(Q15)_0.7 [1.3+0.46 ] _ „ 

Q 14 R„„ R1R2 1.3x0.46 7. 


This current provides a voltage between terminals 2 and 3 
as follows: 

v 2_3 = Iqi 4 x 250 ohms =2.06 x I0“ 3 x 250 = 0.515 volt 

The effective resistance between terminals 2 and 3 is 250 
ohms because the external 500-ohm resistor R3 is in parallel 
with the internal 500-ohm resistor R5. It should be understood 
that the V2.3 potential of 0.515 volt is insufficient to main- 
tain the external p-n-p transistor Q2 in conduction, and, there- 
fore, Q3 has no base drive. Thus the output current is reduced 
to zero by the protective circuitry. Fig. 13 shows the foldback 
characteristic typical of the circuit of Fig. 12. 



OUTPUT CURRENT 1 1 0 ) — A 92CS-2I632 

Fig. 13— Typical "foldback" current-limiting characteristic for circuit 
of Fig. 12. 

An alternative method of providing “foldback” current- 
limiting is shown in Fig. 14. The operation of this circuit is 
similar to that of Fig. 12 except that the foldback-control 
transistor Q2 is external to the CA3085 to permit added 
flexibility in protection-circuit design. 



V BE(Q1 ) = voltage at terminal 8 - Vo(assuming a low value 
for R tr ip) 

V BE(Q2) = volta 8 e at terminal 8 “ V 0 

= ^ v O+ lL R trip + V BE(Q1 )J [r3 + R4 J“ V ° 

if K = R3 + 4 R4 . then the trip current is given by: 

1 - V BE(Q2) ~ K [ ' v O+ V BE(Q1 )] + VQ m 

‘trip “ KR^~ 1 ' 

In the circuit in Fig. 1 2 the load current goes to zero when a 
short circuit occurs. In the circuit of Fig. 14 the load current 
is significantly reduced but does not go to zero. The value for 
I SC is computed as follows: 

V BE(Q2) + [■ - r ^ 2) + , B(Q2)] R1 = V BE(Q1) + •scRtrip 


^ VBE(Q2) + L~ R7 +1 B(Q2)J R »- V BE(Q1) (g) 

5 R trip 

Fig. 1 5 shows that the transfer characteristic of the load cur- 
rent is essentially linear between the “trip-point” and the 
“short-circuit” point. 


Fig. 14— High-output-current voltage regulator using auxiliary transistor 
to provide ’’foldback’’ current limiting. 


Fig. 15— Typical foldback current-limiting characteristic for circuit 
of Fig. 14. 

High-Voltage Regulator Employing Current "Snap-Back" 
Protection 

In high-voltage regulators (e.g., see Fig. 9), “foldback” 
current-limiting cannot be used safely because the high voltage 
across the pass transistor can cause second breakdown despite 
the reduction jn current flow. To adequately protect the pass 
transistor in this type of high-voltage regulator, the so-called 
“snap-back” method of current limiting can be employed to 
reduce the current to zero in a few microseconds, and thus pre- 
vent second-breakdown destruction of the device. 

The circuit diagram of a high-voltage regulator employing 
current “snap-back” protection is shown in Fig. 16. The basic 
regulator circuit is similar to that shown in Fig. 9. The addi- 
tional circuitry in the circuit of Fig. 16 quickly interrupts 
base drive to the pass transistor in event of load fault. The 
point of current-trip is established as follows: 

_ V BE(QI) m 

' ,r, P R SC (> 

Thus, when a sufficient voltage drop is developed across R^, 
transistor Ql becomes conductive and current flows into the 
base of Q2 so that it also becomes conductive. Transistor Q3, 
in turn, is driven into conduction, thereby latching the Q2-Q3 
combination (basic SCR action) so that it diverts (through 
terminal 7) base drive from the output stage (Q13, Q14) in the 
CA3085. By this means, base drive is diverted from Q4 and the 
pass transistor Q5. To restore regulator operation, normally 
closed switch SI is momentarily opened and unlatches Q2-Q3. 
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Fig. 16— High-voltage regulator incorporating current snap-back " 
protection. 

Switching Regulator 

When large input-to-output voltage differences are necessary, 
the regulators described above are inefficient because they dis- 
sipate significant power in the series-pass transistor. Under these 
conditions, high-efficiency operation can be achieved by using 
a switching-type regulator of the generic type shown in 
Fig. 17(a). Transistor Q1 acts as a keyed switch and operates in 



(o) SELF -OSCILLATING SWITCHING REGULATOR 



(c) INOUCTOR CURRENT I u 



Fig. 17- Switching regulator and associated waveforms. 


either a saturated or cut-off condition to minimize dissipation. 
When transistor Q1 is conductive, diode D1 is reverse-biased 
and current in the inductance LI increases in accordance with 
the following relationship: 


ti 

■L={ Jwi (10) 

l o 

where V is the voltage across the inductance LI. The current 
through the inductance charges the capacitor Cl and supplies 
current to the load. The output voltage rises until it slightly ex- 


ceeds the reference voltage V re f. At this point the op-amp re- 
moves base drive to Q1 and the unregulated input voltage Vj is 
“switched off’. The energy stored in the inductor LI now 


causes the voltage at V x to swing in the negative direction and 
current flows through diode Dl, while continuing to supply 
current into the load Rl- As the current in the inductor falls 
below the load current, the capacitor Cl begins to discharge 


and Vq decreases. When Vq falls slightly below the value of 


V re f, the op-amp turns on Q1 and the cycle is repeated. It 
should be apparent that the output voltage oscillates about 
V re f with an amplitude determined by Rl and R2. Actually, 
the value of V re f varies from being slightly more positive than 
V re f' when Q1 is conducting, to being slightly more negative 
than V rc f when Dl is conducting. The voltage and current 
waveforms are shown in Fig. 17(b), (c), and (d). 


Design Example: The following specifications are used in de- 
computations for a switching regulator: 

V, = 30 V, V 0 = 5 V, I 0 = 500 rnA, 
switching frequency = 20 kHz, 
output ripple = 100 mV. 

If it is assumed that transistor Ql is in steady -state saturated 
operation with a low voltage-drop, the current in the inductor 
is given by Eq. 10, as follows: 


A switching-regulator circuit using the CA3085 is shown in 
Fig. 18. The values of L and C (1 .5 millihenries and 50 micro- 
farads, respectively) are commercially available components 
having values approximately equal to the computed values in 
the previous design example. 



1 /' /V, - Vq\ 

‘ L L _/ Vdl ■ ( Li / ' 


When transistor Ql is off, the current in the inductor 
is given by: 

(Vo +v Dl)toff 

'L= □ 02) 

From Eq. 11, 

, ( V i-Vp) 1 v 0 


If i max is 1.3 II, then during t on the current in the inductor 
(ijJ will be 0.5 A x 1.3 = 0.65 A; therefore, Ail = 0-15 A 
Substitution in Eq. 13 yields 

L l =i TfTr 1 - — L ~ T •4 =i4 " ,h 

1 °- 15 (20xl0 3 ) 30 

(14) 

Current discharge from the capacitor Cl is given by: 


Since i c = iL and At = t 0 ff, then 

^L Wf 
Av 

Substitution for the value of iL from Eq. 13 yields 


/ v i ~ V o\ I /Vq\ 

\ LI / f \Vi/‘ 1 


The total period T = t 0 ff + t on , and T =j. Therefore, 


For optimum efficiency t on should be 


■GH9> 

Substitution for t on in Eq. 18 yields 

-?) 

>r t Q ff in Eq. 16 yields 

h ~ v o) I V Q 1 /, v o\ 

M \ V| / 


Substitution fort Q ff in Eq. 16yields 

( V I - Vq) l Vq 
Li ’ f * V. * ' 


Substitution of numerical values in Eq. 20 produces the 
following value for C: 

30-5 1 _5_ . 1 A _5_\ 

0 1.4 x 10~ 3 20 x 10 3 30 20 x 10 3 \ 30 /_ 


Fig. 18- Typical switching regulator circuit. 

Current Regulators 

The CA3085 series of voltage regulators can be used to pro- 
vide a constant source or sink current. A regulated-current sup- 
ply capable of delivering up to 100 milliamperes is shown in 
Fig. 19(a). The regulated load current is controlled by Rl be- 
cause the current flowing through this resistor must establish a 
voltage difference between terminals 6 and 4 that is equal to 
the internal reference voltage developed between terminals 5 
and 4. The actual regulated current, reg II, is the sum of the 
quiescent regulator current and the current through Rl , i.e., 

reg II = Iquiescent + ^R1 

UNREG 



(0) 

CURRENT REGULATOR 



HIGH»CURRENT REGULATOR 92c , 
Fig. 19- Constant current regulators. 


Fig. 19(b) shows a high -current regulator using the CA3085 in 
conjunction with an external n-p-n transistor to regulate cur- 
rents up to 3 amperes. In this circuit the quiescent regulator 
current does not flow through the load and the output current 
can be directly programmed by Rl , i.e.. 


i? i Vref 

R ' B ' L "rT 


With this regulator currents between 1 milliampere and 3 
amperes can be programmed directly. At currents below 
1 milliampere inaccuracies may occur as a result of leakage in 
the external transistor. 


A Dual-Tracking Voltage Regulator 

A dual-tracking voltage regulator using a CA3085 and a 
CA3094A* is shown in Fig. 20. The CA3094A is basically an 
op-amp capable of supplying 100 milliamperes pf output cur- 
rent. 
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- * 100- 0.075% Vqut 
(I L FROM I TO 50 mA) 
MCM- 20360 


Fig. 20- Dual-voltage tracking regulator. 


The positive output voltage is regulated by a CA3085 opera- 
ting in a configuration essentially similar to that described in 
connection with Fig. 3. Resistor R is used as a vernier adjust- 
ment of output voltage. The negative output voltage is regulated 
by the CA3094A, which is “slaved” to the regulated positive 
voltage supplied by the CA3085. It should be noted that the 
non-inverting input of the CA3094A and the negative supply 
terminal of the CA3085 are connected to a common ground 
reference. The “slaving” potential for the CA3094A is derived 
from an accurate 1 :1 voltage-divider network comprised of two 
10-kilohm resistors connected between the +1 5-volt and 
-15-volt output terminals. The junction of these two resistors 
is connected to the inerting input of the CA3094A. The volt- 
age at this junction is compared with the voltage at the non- 
inverting input, and the CA3094A then automatically adjusts 
the output current at the negative terminal to maintain a nega- 
tive regulated output voltage essentially equal to the regulated 
positive output voltage. Typical performance data for this cir- 
cuit are shown in Fig. 20. 

* Specifications for the CA3094A appear in RCA Data File 
No. 598 and application information is presented in 
ICAN-6048. 


The basic circuit of Fig. 20 can be modified to regulate dis- 
similar positive and negative voltages (e.g., +15 V, -5 V) by 
appropriate selection of resistor ratios in the voltage-divider 
network discussed previously. As an example, to provide 
tracking of the +15 V and -5 V regulated voltages with the 
circuit of Fig. 20, it is only necessary to replace the 10-kilohm 
resistor cdnnected between terminals 3 and 8 of the CA3094A 
with a 3.3-kilohm resistor. 

Regulators With High Ripple Rejection 

When the reference-voltage source in the CA3085 is ade- 
quately filtered, the typical ripple rejection provided by the 
circuit is 56 dB. It is possible to achieve higher ripple-rejection 
performance by cascading two stages of the CA3085, as shown 
in Fig. 21. The voltage-regulator circuit in Fig. 21(a) provides 
90 dB of ripple rejection. The output voltage is adjustable over 
the range from 1 .8 to 30 volts by appropriate adjustment of 
resistors R1 and R2. Higher regulated output currents up to 
• 1 ampere can be obtained with this circuit by adding an external 
n-p-n transistor as shown in Fig. 21(b). 



90 dB RIPPLE REJECTION 
LINE REG <00001 V. /Vi 

LOAD REG < O.I%Vo FOR LOAD CURRENTS UP TO 50mA 
Vo RANGE FROM I 8 V TO 30 V 

(a) voltage regulator with high ripple rejection 



Fig. 21- Regulators with high ripple rejection. 

The CA3085 As A Power Source For Sensors 

Certain types of sensor applications require a regulated 
power source. Additionally, low-impedance sensors can con- 
sume significant power, An example of a circuit with these 
requirements, in which a CA3085 provides regulated power for 
a low-impedance sensor and the CA3059* zero-voltage switch, 
is shown in Fig. 22. Terminal 1 2 on the CA3059 provides the 

* Technical specifications on the CA30S9 zero-voltage switch 
appear in RCA Data £ile No. 490, and related application 
information is provided in Application Notes ICAN-61 58 and 
IC AN-6268. 


ac trigger-signal which actuates the zero-voltage switch syn- 
chronously with the power line to control the load-switching 
triac. 
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Fig. 22- Voltage regulator for sensor and zero-voltage switch. 

The CA3085 As A General-Purpose Amplifier 

As described above, the CA3085 series regulators contain a 
high-gain linear amplifier having a current-output capability up 
to 100 milliamperes. The premium type (CA3085B) can oper- 
ate at supply voltages up to 50 volts. When equipped with an 
appropriate radiator or heat-sink, the TO-5 package of these 
devices can dissipate up to 1.6 watts at 55°C. A very stable 
internal voltage-reference source is used to bias the high-gain 
amplifier and/or provide an external voltage-reference despite 
extreme temperature or supply-voltage variations. These fac- 
tors, plus economics, prompt consideration of this circuit for 
general-purpose uses, such as amplifiers, relay controls, signal- 
lamp controls, and thyristor firing. 

As an example. Fig. 23 shows the application of the CA3085 
in a general-purpose amplifier. Under the conditions shown, 



Fig. 23- General purpose amplifier using CA3085A. 


the circuit has a typical gain of 70 dB with a flat response to at 
least 100 kHz without the RC network connected between 
terminals 6 and 7. The RC network is useful as a tone control 
or to “roll-off’ the amplifier response for other reasons. Cur- 
rent limiting is not used in this circuit. The network connected 
between terminals 8 and 6 provides both dc and ac feedback. 
This circuit is also applicable for directly driving an external 
discrete n-p-n power transistor. 
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Features and Applications of 

RCA Integrated-Circuit Zero-Voltage Switches 

(CA3058, CA3059, and CA30791 


by A.C.N. Sheng, G.J. Granieri, J. Yellin, and T. McNulty 

RCA-CA3058, CA3059 and CA3079 zero-voltage switches 
are monolithic integrated circuits designed primarily for use as 
trigger circuits for thyristors in many highly diverse ac 
power-control and power-switching applications. These 
integrated-circuit switches operate from an ac input voltage of 
24, 120, 208 to 230, or 277 volts at 50, 60, or 400 Hz. 

The CA3059 and CA3079 are supplied in a 14-terminal 
dual-in-line plastic package. The CA3058 is supplied in a 
14-terminal dual-in-line ceramic package. The electrical and 
physical characteristics of each type are detailed in RCA Data 
Bulletin File No. 490. 

RCA zero-voltage switches (ZVS) are particularly well 
suited for use as thyristor trigger circuits. These switches 
trigger the thyristors at zero-voltage points in the 
supply-voltage cycle. Consequently, transient load-current 
surges and radio-frequency interference (RFI) are substantially 
reduced. In addition, use of the zero-voltage switches also 
reduces the rate of change of on-state current (di/dt) in the 
thyristor being triggered, an important consideration in the 
operation of thyristors. These switches can be adapted for use 
in a variety of control functions by use of an internal 
differential comparator to detect the difference between two 
externally developed voltages. In addition, the availability of 
numerous terminal connections to internal circuit points 
greatly increases circuit flexibility and further expands the 
types of ac power-control applications to which these 
integrated circuits may be adapted. The excellent versatility of 
the zero-voltage switches is demonstrated by the fact that 
these circuits have been used to provide transient-free 
temperature control in self-cleaning ovens, to control 
gun-muzzle temperature in low-temperature environments, to 
provide sequential switching of heating elements in warm-air 
furnaces, to switch traffic signal lights at street intersections, 
and to effect other widely different ac power-control 
functions. 

FUNCTIONAL DESCRIPTION 

RCA zero-voltage switches are multistage circuits that 
employ a diode limiter, a zero-crossing (threshold) detector, an 
on-off sensing amplifier (differential comparator), and a 
Darlington output driver (thyristor gating circuit) to provide 
the basic switching action. The dc operating voltages for these 
stages is provided by an internal power supply that has 
sufficient current capability to drive external circuit elements, 
such as transistors and other integrated circuits. An important 
feature of the zero-voltage switches is that the output trigger 
pulses can be applied directly to the gate of a triac or a silicon 
controlled rectifier (SCR). The CA3058 and CA3059 also 
feature an interlock (protection) circuit that inhibits the 
application of these pulses to the thyristor in the event that 
the external sensor should be inadvertently opened or shorted. 

An external inhibit connection (terminal No. 1) is also 
available so that an external signal can be used to inhibit the 
output drive. This feature is not included in the CA3079; 
otherwise, the three integrated-circuit zero-voltage switches are 
electrically identical. 

Over-all Circuit Operation 

Fig. 1 shows the functional interrelation of the zero-voltage 
switch, the external sensor, the thyristor being triggered, and 
the load elements in an on-off type of ac power-control 
system. As shown, each of the zero-voltage switches 
incorporates four functional blocks as follows: 

(1) Limiter-Power Supply - Permits operation directly 
from an ac line. 

(2) Differential On/Off Sensing Amplifier - Tests the 
condition of external sensors or command signals. Hysteresis 
or proportional-control capability may easily be implemented 
in this section. 

(3) Zero-Crossing Detector - Synchronizes the output 
pulses of the circuit at the time when the ac cycle is at a 
zero-voltage point and thereby eliminates radio-frequency 
inteference (RFI) when used with resistive loads. 


(4) Triac Gating Circuit - Provides high-current pulses to 
the gate of the power-controlling thyristor. 

In addition, the CA3058 and CA3059 provide the following 
important auxiliary functions (shown in Fig. 1): 

(1)A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 



AC Input Voltage 
(50/60 or 400 Hz) 
V AC 

Input Series 
Resistor (Rs) 
k il 

Dissipation Rating 
for Rs 
W 

24 

2 

0.5 

120 

10 

2 

208/230 

20 

4 

277 

25 

5 


Fig. 1 - Functional block diagrams of the zero-voltage switches 
CA3058. CA3059. and CA3079. 


(2) Thyristor firing may be inhibited through the action of 
an internahdiode gate connected to terminal 1. 

(3) High-power dc- comparator operation is provided by 
overriding the action of the zero-crossing detector. This 
override is accomplished by connecting terminal 12 to 
terminal 7. Gate current to the thyristor is continuous when 
terminal 13 is positive with respect to terminal 9. 


Fig. 2 shows the detailed circuit diagram for the 
integrated-circuit zero-voltage switches. (The diagrams shown 
in Figs. 1 and 2 are representative of all three RCA 
zero-voltage switches, i.e., the CA3058, CA3059, and CA3079; 
the shaded areas indicate the circuitry that is not included in 
the CA3079.) 

The limiter stage of the zero-voltage switch clips the 
incoming ac line voltage to approximately ±8 volts. This signal 
is then applied to the zero-voltage-crossing detector, which 
generates an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, Cp, that comprise the dc 
power supply. The power supply provides approximately 
6 volts as the Wqq supply to the other stages of the 
zero-voltage switch. The on-off sensing amplifier is basically a 
differential comparator. The thyristor gating circuit contains a 
driver for direct triac triggering. The gating circuit is enabled 
when all the inputs are at a “high” voltage, i.e., the line voltage 
must be approximately zero volts, the sensing-amplifier output 
must be “high,” the external voltage to terminal 1 must be a 
logical “0”, and, for the CA3058 and CA3059, the output of 
the fail-safe circuit must be “high.” Under these conditions, 
the thyristor (triac or SCR) is triggered when the line voltage is 
essentially zero volts. 

Thyristor Triggering Circuits 

The diodes Dj and D2 in Fig. 2 form a symmetrical clamp 
that limits the voltages on the chip to ±8 volts; the diodes D7 
and D13 form a half-wave rectifier that develops a positive 
voltage on the external storage capacitor, Cp. 

The output pulses used to trigger the power-switching 
thyristor are actually developed by the zero-crossing detector 
and the thyristor gating circuit. The zero-crossing detector 
consists of diodes D3 through Dg, transistor Qj, and the 
associated resistors shown in Fig. 2. Transistors Qi and Qg 
through Q9 and the associated resistors comprise the thyristor 
gating circuit and output driver. These circuits generate the 
output pulses when the ac input is at a zero-voltage point so 
that RFI is virtually eliminated when the zero-voltage switch 
and thyristor are used with resistive loads. 

The operation of the zero-crossing detector and thyristor 
gating circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor, gate through terminal 4) is considered as the 
operating condition of the gating circuit. Other circuit 
elements in the zero-voltage switch inhibit the gating circuit 
unless certain conditions are met, as explained later. 

In the on state of the thyristor gating circuit, transistors Qs 
and Q9 are conducting, transistor Q7 is off, and transistor Qg 
is on. Any action that turns on transistor Q7 removes the drive 
from transistor Qg and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
minimum of ±1.2 volts at 10 microamperes to the 
external-inhibit input, terminal 1. (If a voltage of more than 



NOTE: CIRCUITRY, WITHIN SHADED AREAS, NOT INCLUOEOIN CAJ0T9 
*IC- INTERNAL CONNECTION -- DO NOT USE (TERMINAL 
RESTRICTION APPLIES ONLY TO CAJOTJI 


Fig. 2 - Schematic diagram of zero-voltage switches CA3058, CA3059, and CA3079. 
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1 .5 volts is available, an external resistance must be added in 
series with terminal 1 to limit the current to 1 milliampere.) 
Diode Dio isolates the base of transistor Q7 from other signals 
when an external-inhibit signal is applied so that this signal is 
the highest priority command for normal operation. (Although 
grounding of terminal 6 creates a higher-priority inhibit 
function, this level is not compatible with normal DTL or TTL 
logic levels.) Transistor Q7 may also be activated by turning 
off transistor Qg to allow current flow from the power supply 
through resistor R7 and diode Dio into the base of Q7. 
Transistor ,Q$ is normally maintained in conduction by current 
that flows into its base through resistor R2 and diodes Dg and 
D9 when transistor Qi is off. 

Transistor Qi is a portion of the zero-crossing detector. 
When the voltage at terminal 5 is greater than +3 volts, current 
can flow through resistor Ri, diode Dg, the base-to-emitter 
junction of transistor Qi , and diode D4 to terminal 7 to turn 
on Qi . This action inhibits the delivery of a gate-drive output 
signal at terminal 4. For negative voltages at terminal 5 that 
have magnitudes greater than 3 volts, the current flows 
through diode D5, the emitter-to-base junction of transistor 
Ql, diode D3, and resistor Rj, and again turns on transistor 
Ql- Transistor Qi is off only when the voltage at terminal 5 is 
less than the threshold voltage of approximately ±2 volts. 
When the integrated-circuit zero-voltage switch is connected as 
shown in Fig. 1, therefore, the output is a narrow pulse which 
is approximately centered about the zero-voltage time in the 
cycle, as shown in Fig. 3. In some applications, however, 



Fig. 3 - Waveform showing output-pulse duration of the zero-voltage 
switch. 


particularly those that use either slightly inductive or 
low-power loads, the thyristor load current does not reach the 
latching-current value* by the end of this pulse. An external 
capacitor Cx connected between terminal 5 and 7, as shown in 
Fig. 4, can be used to delay the pulse to accommodate such 
loads. The amount of pulse stretching and delay is shown in 
Figs. 5(a) and 5(b). 



Fig. 4 — Use of a capacitor between terminals 5 and 7 to delay the 
output pulse of the zero-voltage switch. 

Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero-crossing detector. 
In this mode, transistor Qi is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be switched. (If the capacitance in 
the load circuit is low, most RFI is eliminated.) Care must be 
taken to avoid overloading of the internal power supply in this 
mode. A sensitive-gate thyristor should be used, and a resistor 
should be placed between terminal 4 and the gate of the 
thyristor to limit the current, as pointed out later under 
Special Application Considerations. 


* The latching current is the minimum current required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 



(a) 
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Fig. S — Curves showing effect of external capacitance on (a) the total 
output-pulse duration, and (b) the time from zero crossing to 
the end of the pulse. 

Fig. 6 indicates the timing relationship between the line 
/oltage and the zero-voltage- switch output pulses. At 60 Hz, 
the pulse is typically 1 00 microseconds wide; at 400 Hz, the 
pulse width is typically 1 2 microseconds. In the basic circuit 
shown, when the dc logic signal is “high”, the output is 
disabled; when it is “low”, the gate pulses are enabled. 




Fig. 6 — Timing relationship between the output pulses of the RCA 
zero-voltage switch and the ac line voltage. 

On-Off Sensing Amplifier 

The discussion thus far has considered only cases in which 
pulses are present all the time or not at all. The differential 
sense amplifier consisting of transistors Q2, Q3, Q4, and Q5 
(shown in Fig. 2) makes the zero-voltage switch a flexible 
power-control circuit. The transistor pairs Q2-Q4 and Q3-Q5 
form a high-beta composite p-n-p transistors in which the 
emitters of transistors Q4 and Q5 act as the collectors of the 
composite devices. These two composite transistors are 


connected as a differential amplifier with resistor R3 acting as 
a constant-current source. The relative current flow in the two 
“collectors” is a function of the difference in voltage between 
the bases of transistors Q2 and Q3. Therefore, when 
terminal 13 is more positive than terminal 9, little or no 
current flows in the “collector” of the transistor pair Q2-Q4. 
When terminal 13 is negative with respect to terminal 9, most 
of the current flows through that path, and none in terminal 8. 
When current flows in the transistor pair Q2-Q4, the path is 
from the supply through R3, through the transistor pair 
Q2-Q4, through the base-emitter junction of transistor Qi , and 
finally through the diode D4 to terminal 7. Therefore, when 
V13 is equal to or more negative than V9 , transistor Qi is on, 
and the output is inhibited. 

In the circuit shown in Fig. 1 , the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 1 1 
to form a precision voltage divider. This divider forms one side 
of a transducer bridge, and the potentiometer R p and the 
negative-temperature-coefficient (NTC) sensor form the other 
side. At low temperatures, the high resistance of the sensor 
causes terminal 13 to be positive with respect to terminal 9 so 
that the thyristor fires on every half-cycle, and power is 
applied to the load. As the temperature increases, the sensor 
resistance decreases until a balance is reached, and V13 
approaches V9. At this point, the transistor pair Q2-Q4 turns 
on and inhibits any further pulses. The controlled temperature 
is adjusted by variation of the value of the potentiometer R p . 
For cooling service, either the positions of R p and the sensor 
may be reversed or terminals 9 and 13 may be interchanged. 

The low bias current of the sensing amplifier permits 
operation with sensor impedances of up to 0.1 megohm at 
balance without introduction of substantial error (i.e., greater 
than 5 per cent). The error may be reduced if the internal 
bridge elements, resistors R4 and R5, are not used, but are 
replaced with resistances which equal the sensor impedance. 
The minimum value of sensor impedance is restricted by the 
current drain on the internal power supply. Operation of the 
zero-voltage switch with low-impedance sensors is discussed 
later under Special Application Considerations. The voltage 
applied to terminal 13 must be greater than 1.8 volts at all 
times to assure proper operation. 

Protection Circuit 

A special feature of the CA3058 and CA3059 zero-voltage 
switches is the inclusion of an interlock type of circuit. This 
circuit removes power from the load by interrupting the 
thyristor gate drive if the sensor either shorts or opens. 
However, use of this circuit places certain constraints upon the 
user. Specifically, effective protection-circuit operation is 
dependent upon the following conditions: 

(1) The circuit configuration of Fig. 1 is used, with an 
internal supply, no external load on the supply, and 
terminal 14 connected to terminal 13. 

(2) The value of potentiometer R p and of the sensor 
resistance must be between 2000 ohms and 0.1 megohm. 

(3) The ratio of sensor resistance and R p must be greater 
than 0.33 and less than 3.0 for all normal conditions. (If either 
of these ratios is not met with an unmodified sensor, a series 
resistor or a shunt resistor must be added to avoid undesired 
activation of the circuit.) 

The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes D12 and D15 and transistor Qiq. 
Diode D12 activates the protection circuit if the sensor shown 
in Fig. 1 shorts or its resistance drops too low in value, as 
follows: Transistor Qg is on during an output pulse so that the 
junction of diodes Dg and D \2 is 3 diode drops 
(approximately 2 volts) above terminal 7. As long as V14 is 
more positive or only 0.15 volt negative with respect to that 
point, diode D12 does not conduct, and the circuit operates 
normally. If the voltage at terminal 14 drops to 1 volt, the 
anode of diode Dg can have a potential of only 1.6 to 
1 .7 volts, and current does not flow through diodes Dg and Dg 
and transistor Q$. The thyristor then turns off. 

The actual threshold is approximately 1 .2 volts at room 
temperature, but decreases 4 millivolts per degree C at higher 
temperatures. As the sensor resistance increases, the voltage at 
terminal 14 rises toward the supply voltage. At a voltage of 
approximately 6 volts, the zener diode D15 breaks down and 
turns on transistor Qiq, which then turns off transistor 
and the thyristor. If the supply voltage is not at least 0.2 volt 
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more positive than the breakdown voltage of diode D15, 
activation of the protection circuit is not possible. For this 
reason, loading the internal supply may cause this circuit to 
malfunction, as may selection of the wrong external supply 
voltage. Fig. 7 shows a guide for the proper operation of the 
protection circuit when an external supply is used with a 
typical integrated-circuit zero-voltage switch. 
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Fig. 7 - Operating regions for Jauilt-in protection circuits of a typical 
zero-voltage switch. 


SPECIAL APPLICATION CONSIDERATIONS 

As pointed out previously, the RCA integrated-circuit 
zero-voltage switches (CA3058, CA3059, and CA3079) are 
exceptionally versatile units that can be adapted for use in a 
wide-variety of power-control applications. Full advantage of 
this versatility can be realized, however, only if the user has a 
basic understanding of several fundamental considerations that 
apply to certain types of applications of the zero-voltage 
switches. 

Operating-Power Options 

Power to the zero-voltage switch may be derived directly 
from the ac line, as shown in Fig. 1, or from an external dc 
power supply connected between terminals 2 and 7, as shown 
in Fig. 8. When the zero-voltage switch is operated directly 
from the ac line, a dropping resistor R$ of 5,000 to 
10,000 ohms must be connected in series with terminal 5 to 
limit the current in the switch circuit. The optimum value for 
this resistor is a function of the average current drawn from 
the internal dc power supply, either by external circuit 
elements or by the thyristor trigger circuits, as shown in Fig. 9. 
The chart shown in Fig. 1 indicates the value and dissipation 
rating of the resistor R$ for ac line voltages of 24, 120, 208 to 
230, and 277 volts. 



Fig. 8 — Operation of the zero-voltage switch from an external dc 
power supply connected between terminals 2 and 7. 


Half-Cycling Effect 

The method by which the zero-voltage switch senses the 
zero crossing of the ac power results in a half-cycling 
phenomenon at the control point. Fig. 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero-voltage 
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Fig. 9 - DC supply voltage as a function of external load current for 
several values of dropping resistance /?$. 

crossing every half-cycle, and an output, for example pulse 
No. 4, is produced to indicate the zero crossing. During the 
remaining 8.3 milliseconds, however, the differential amplifier 
in the zero-voltage switch may change state and inhibit any 
further output pulses. The uncertainity region of the 
differential amplifier, therefore, prevents pulse No. 5 from 
triggering the triac during the negative excursion of the ac line 
voltage. 



Fig. 10 - Half-cycling phenomenon in the zero-voltage switch. 

When a sensor with low sensitivity is used in the circuit, the 
zero-voltage switch is very likely to operate in the linear mode. 
In this mode, the output trigger current may be sufficient to 
trigger the triac on the positive-going cycle, but insufficient to 
trigger the device on the negative-going cycle of the triac 
supply voltage. This effect introduces a half-cycling 
phenomenon, i.e., the triac is turned on during the positive 
half-cycle and turned off during the negative half-cycle. 

Several techniques may be used to cope with the 
half-cycling phenomenon. If the user can tolerate some 
hystersis in the control, then positive feedback can be added 
around the differential amplifier. Fig. 1 1 illustrates this 
technique. The tabular data in the figure lists the 
recommended values of resistors Rj and R2 for different 
sensor impedances at the control point. 



Fig. 11 - CA3058 or CA30S9 on-off controller with hysteresis. 

If a significant amount (greater than ±10%) of controlled 
hysteresis is required, then the circuit shown in Fig. 12 may be 
employed. In this configuration, external transistor Qj can be 
used to provide an auxiliary timed-delay function. 



Fig. 12 - CA3058 or CA3059 on-off controller with controlled 
hysteresis. 

For applications that require complete elimination of 
half-cycling without the addition of hysteresis, the circuit 
shown in Fig. 13 may be employed. This circuit uses a 
CA3098E integrated-circuit programmable comparator with a 
zero-voltage switch. A block diagram of CA3098E is shown in 
Fig. 14. Because the CA3098E contains an integral flip-flop, 
its output will be in either a “0” or “1” state. Consequently 
the zero-voltage switch cannot operate in the linear mode, and 
spurious half-cycling operation is prevented. When the 
signal-input voltage at terminal 8 of the CA3098E is equal to or 
less than the “low” reference voltage (LR), current flows from 
the power supply through resistor R j and R2, and a logic “0” is 
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Fig. 14 - Block diagram of CA3098 programmable Schmitt trigger. 


applied to terminal 13 of the zero-voltage switch. This 
condition turns off the triac. The triac remains off until the 
signal-input voltage rises to or exceeds the “high” reference 
voltage (HR), thereby effecting a change in the state of the 
flip-flop so that a logic “1” is applied to terminal 13 of the 
zero-voltage switch, and triggers the triac on. 

"Proportional Control" Systems 

The on-off nature of the control shown in Fig. 1 causes 
some overshoot that leads to a definite steady-state error. The 
addition of hysteresis adds further to this error factor. 
However, the connections shown in Fig. 15(a) can be used to 
add proportional control to the system. In this circuit, the 
sense amplifier is connected as a free-running multivibrator. At 
balance, the voltage at terminal 13 is much less than the 
voltage at terminal 9. The output will be inhibited at all times 
until the voltage at terminal 13 rises to the design differential 
voltage between terminals 13 and 9; then proportional control 
resumes. The voltage at terminal 13 is as shown in Fig. 15(b). 
When this voltage is more positive than the threshold, power is 
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Fig. IS - Use of the CA3058 or CA3059 in a typical heating control 
with proportional control : (a I schematic diagram, and 
lb) waveform of voltage at terminal 13. 

applied to the load so that the duty cycle is approximately 50 
per cent. With a 0.1 megohm sensor and values of R p = 
0.1 megohm, R2 = 10,000 ohms, and CgxT = 10 microfarads, 
a period greater than 3 seconds is achieved. This period should 
be much shorter than the thermal time constant of the system. 
A change in the value of any of these elements changes the 
period, as shown in Fig. 16. As the resistance of the sensor 
changes, the voltage on terminal 13 moves relative to V9. A 


cooling sensor moves V13 in a positive direction. The triac is 
on for a larger portion of the pulse cycle and increases the 
average power to the load. 



Fig. 16 — Effect of variations in time-constant elements on period. 

As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 

Zero-voltage switching control can be extended to 
applications in which it is desirable to have constant control of 
the temperature and a minimization of system hysteresis. A 
closed-loop top-burner control in which the temperature of 
the cooking utensil is sensed and maintained at a particular 
value is a good example of such an application; the circuit for 
this control is shown in Fig. 17. In this circuit, a unijunction 



Fig. 17 - Schematic diagram of proportional zero-voltageswitching 
control. 


oscillator is outboarded from the basic control by means of 
the internal power supply of the zero-voltage switch. The 
output of this ramp generator is applied to terminal 9 of the 
zero-voltage switch and establishes a varied reference to the 
differential amplifier. Therefore, gate pulses are applied to the 
triac whenever the voltage at terminal 13 is greater than the 
voltage at terminal 9. A varying duty cycle is established in 
which the load is predominantly on with a cold sensor and 
predominantly off with a hot sensor. For precise temperature 
regulation, the time base of the ramp should be shorter than 
the thermal time constant of the system but longer than the 
period of the 60-Hz line. Fig. 18, which contains various 
waveforms for the system of Fig. 17, indicates that a typical 
variance of ±0.5°C might be expected at the sensor contact to 


the utensil. Overshoot of the set temperature is minimized 
with this approach, and scorching of any type is minimized. 
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Fig. 18 - Waveforms for the circuit of Fig. 17. 


Effect of Thyristor Load Characteristics 

The zero-voltage switch is designed primarily to gate a 
thyristor that switches a resistive load. Because the output 
pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determining 
whether other types of loads can be switched. (The 
latching-current value determines whether the triac will remain 
in conduction after the gate pulse is removed.) Provisions are 
included in the zero-voltage switch to accommodate inductive 
loads and low-power loads. For example, for loads that are less 
than approximately 4 amperes rms or that are slightly 
inductive, it is possible to retard the output pulse with respect 
to the zero-voltage crossing by insertion of the capacitor C x 
from terminal 5 to terminal 7. The insertion of capacitor C x 
permits switching of triac loads that have a slight inductive 
component and that are greater than approximately 200 watts 
(for operation from an ac line voltage of 120 volts rms). 
However, for loads less than 200 watts (for example, 
70 watts), it is recommended that the user employ the 
T2300B* sensitive-gate triac with the zero-voltage switch 
because of the low latching-current requirement of this triac. 

For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the dc 
mode. In this mode, terminal 12 is connected to terminal 7, 
and the zero-crossing detector is inhibited. Whether a “high” 
or “low” voltage is produced at terminal 4 is then dependent 
only upon the state of the differential comparator within the 
integrated-circuit zero-voltage switch, and not upon the zero 
crossing of the incoming line voltage. Of course, in this mode 
of operation, the zero-voltage switch no longer operates as a 
zero-voltage switch. However, for many applications that 
involve the switching of low-current inductive loads, the 
amount of RFI generated can frequently be tolerated. 

For switching of high-current inductive loads, which must 
be turned on at zero line current, the triggering technique 
employed in the dual-output over-under temperature 
controller and the transient-free switch controller described 
subsequently in this Note is recommended. 

Switching of Inductive Loads 

For proper driving of a thyristor in full-cycle operation, 
gate drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
occurs as the line voltage reverses. With loads of other power 
factors, however, it occurs as the current through the load 
becomes zero and reverses. 

There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals 5 and 7, 
as described previously. For highly inductive loads, however, 
this method is not suitable, and different techniques must be 
used. 

If gate current is continuous, the triac automatically 
commutates because drive is always present when the voltage 
reverses. This mode is established by connection of terminals 7 
and 12. The zero-crossing detector is then disabled so that 
current is supplied to the triac gate whenever called for by the 
sensing amplifier. Althougn tne Khl-eliminating function of 
the zero-voltage switch is inhibited when the zero-crossing 
detector is disabled, there is no problem if the load is highly 
inductive because the current in the load cannot change 
abruptly. 


* Formerly RCA 40526 
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Circuits that use a sensitive-gate triac to shift the firing 
point of the power triac by approximately 90 degrees have 
been designed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the load or tolerances of 
components will cause errors in this firing time. 

The circuit shown in Fig. 19 uses a CA3086 
integrated-circuit transistor array to detect the absence of load 
current by sensing the voltage across the triac. The internal 
zero-crossing detector is disabled by connection of terminal 12 
to terminal 7, and control of the output is made through the 
external inhibit input, terminal 1. The circuit permits an 
output only when the voltage at point A exceeds two V B £ 
drops, or 1.3 volts. When A is positive, transistors Q3 and Q4 
conduct and reduce the voltage at terminal 1 below the inhibit 
state. When A is negative, transistors Qj and Q2 conduct. 
When the voltage at point A is less than ±1.3 volts, neither of 
the transistor pairs conducts; terminal 1 is then pulled positive 
by the current in resistor R3, and the output in inhibited. 



Fig. 19 - Use of the CA3058 or CA3059 together with CA3086 for 
switching inductive loads. 

The circuit shown in Fig. 19 forms a pulse of gate current 
and can supply high peak drive to power traics with low 
average current drain on the internal supply. The gate pulse 
will always last just long enough to latch the thyristor so that 
there is no problem with delaying the pulse to an optimum 
time. As in other circuits of this type, RFI results if the load is 
not suitably inductive because the zero-crossing detector is 
disabled and initial turn-on occurs at random. 

The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3 volts: therefore, the output 
of the zero-voltage switch is inhibited, as described above. The 
resistor divider Rj and R2 should be selected to assure this 
condition. When the triac is on, the voltage at point A is 
approximately one-third of the instantaneous on-state voltage 
(vj) of the thyristor. For most RCA thyristors, vy (max) is 
less than 2 volts, and the divider shown is a conservative one. 
When the load current passes through zero, the triac 
commutates and turns off. Because the circuit is still being 
driven by the line voltage, the current in the load attempts to 
reverse, and voltage increases rapidly across the “turned-off’ 
triac. When this voltage exceeds 4 volts, one portion of the 
CA3086 conducts and removes the inhibit signal to permit 
application of gate drive. Turning the triac on causes the 
voltage across it to drop and thus ends the gate pulse. If the 
latching current has not been attained, another gate pulse 
forms, but no discontinuity in the load current occurs. 
Provision of Negative Gate Current 

Triacs trigger with optimum sensitivity when the polarity of 
the gate voltage and the voltage at the main terminal 2 are 
similar (I + and II* modes). Sensitivity is degraded when the 
polarities are opposite (I* and III + modes). Although RCA 
triacs are designed and specified to have the same sensitivity in 


both I* and III + modes, some other types have very poor 
sensitivity in the III + condition. Because the zero-voltage 
switch supplies positive gate pulses, it may not directly drive 
some higher-current triacs of these other types. 

The circuit shown in Fig. 20(a) uses the negative-going 
voltage at terminal 3 of the zero-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in 
Fig. 20(b) shows the approximate peak gate current as a 
function of gate voltage Vq. Pulse width is approximately 
80 microseconds. 
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Fig. 20 - Use of the CA3058 or CA3059 to provide negative gate 
pulses : (a) schematic diagram; (b) peak gate current (at 
terminal 3) as a function of gate voltage. 

Operation with Low-Impedance Sensors 

Although the zero-voltage switch can operate satisfactorily 
with a wide range of sensors, sensitivity is reduced when 
sensors with impedances greater than 20,000 ohms are used. 
Typical sensitivity is one per cent for a 5000-ohm sensor and 
increases to three per cent for a 0.1 -megohm sensor. 

Low-impedance sensors present a different problem. The 
sensor bridge is connected across the internal power supply 
and causes a current drain. A 5000-ohm sensor with its 
associated 5000-ohm series resistor draws less than 
1 milliampere. On the other hand, a 300-ohm sensor draws a 
current of 8 to 10 milliampers from the power supply. 

Fig. 21 shows the 600-ohm load line of a 300-ohm sensor 
on a redrawn power-supply regulation curve for the 
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Fig. 21 - Power-supply regulation of the CA3058 or CA3059 with a 
300-ohm sensor (600-ohm load) for two values of series 
resistor. 


zero-voltage switch. When a 10,000-ohm series resistor is used, 
the voltage across the circuit is less than 3 volts and both 
sensitivity and output current are significantly reduced. When 
a 5000-ohm series resistor is used, the supply voltage is nearly 
5 volts, and operation is approximately normal. For more 
consistent operation, however, a 4000-ohm series resistor is 
recommended. 

Altnougn positive-temperaiure-coefficieni (PTC) sensors 
rated at 5 kilohms are available, the existing sensors in ovens 
are usually of a much lower value. The circuit shown in Fig. 22 
is offered to accommodate these inexpensive metal-wound 



Fig. 22 - Schematic diagram of circuit for use with low-resistance 
sensor. 

sensors. A schematic diagram of the RCA CA3080 
integrated-circuit operational transconductance amplifier used 
in Fig. 22, is shown in Fig. 23. With an amplifier bias current, 
I A bc> of 100 microamperes, a forward transconductance of 
2milliohms is achieved in this configuration. The CA3080 
switches when the voltage at terminal 2 exceeds the voltage at 
terminal 3. This action allows the sink current, I s , to flow 
from terminal 13 of the zero-voltage switch (the input 
impedance to terminal 13 of the zero-voltage switch is 
approximately 50 kilohms); gate pulses are no longer applied 
to the triac because Q2 of the zero-voltage switch is on. Hence, 
if the PTC sensor is cold, i.e., in the low resistance state, the 
load is energized. When the temperature of the PTC sensor 
increases to the desired temperature, the sensor enters the high 
resistance state, the voltage on terminal 2 becomes greater 
than that on terminal 3, and the triac switches the load off. 



Fig. 23 - Schematic diagram of the CA3080. 


Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resistance 
can be used in conjunction with the zero-voltage switch power 
supply without causing adverse loading effects and impairing 
system performance. 

Interfacing Techniques 

Fig. 24 shows a system diagram that illustrates the role of 
the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. There are several basic 
interfacing techniques. Fig. 25(a) shows the direct input 
technique. When the logic output transistor is switched from 
the on state (saturated) to the off state, the load will be 
turned on at the next zero-voltage crossing by means of the 
interfacing zero-voltage switch and the triac. When the logic 
output transistor is switched back to the on state, 
zero-crossing pulses from the zero-voltage switch to the triac 
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Fig. 24 - The zero-voltage switch and thyristor as an interface. 


gate will immediately cease. Therefore, the load will be turned 
off when the triac commutates off as the sine-wave load 
current goes through zero. In this manner, both the turn-on 
and turn-off conditions for the load are controlled. 

When electrical isolation between the logic circuit and the 
load is necessary, the isolated-input technique shown in 
Fig. 25(b) is used. In the technique shown, optical coupling is 
used to achieve the necessary isolation. The logic output 
transistor switches the light-source portion of the isolator. The 
light-sensor portion changes from a high impedance to a low 
impedance when the logic output transistor is switched from 



input. 


off to on. The light sensor is connected to the differential 
amplifier input of the zero-voltage switch, which senses the 
change of impedance at a threshold level and switches the load 
on as in Fig. 25(a). 

Sensor Isolation 

In many applications, electrical isolation of the sensor from 
the ac input line is desirable. Several isolation techniques 
are shown in Figs. 26, 27, and 28. 

Transformer Isolation - In Fig. 26, a pulse transformer 
is used to provide electrical isolation of the sensor from 
incoming ac power lines. The pulse transformer Ti isolates the 
sensor from terminal No. 1 of the triac Y i , and transformer 
T2 isolates the CA3058 or CA3059 from the power lines. 
Capacitor Q shifts the phase of the output pulse at terminal 
No. 4 in order to retard the gate pulse delivered to triac Yi to 
compensate for the small phase-shift introduced by 
transformer Tj. 

Many applications require line isolation but not zero-voltage 
switching. A line-isolated temperature controller for use with 
inductive or resistive loads that does not include zero-voltage 
switching is shown in Fig. 27. 

In temperature monitoring or control applications the sensor 
may be a temperature-dependent element such as a resistor, 
thermistor, or diode. The load may be a lamp, bell, horn, re- 
corder or other appropriate device connected in a feedback re- 
lationship to the sensor. 

For the purpose of the following explanation, assume that 
the sensor is a resistor having a negative temperature coefficient 




Fig. 27 - A line-isolated temperature controller for use with inductive or 

resistive loads; this controller does not include zero-voltage switching. 


and that the load is a heater thermally coupled to the sensor, 
the object being to maintain the thermal-coupling medium at a 
desired reference temperature. Assume initially that the temper- 
ature at the coupling medium is low. 

The operating potentials applied to the bridge circuit pro- 
duce a common-mode potential, Vq^j, at the input terminals 
of the CA3094. Assuming the bridge to have been initially 
balanced (by adjustment of R4), the potential at point A will 
increase when temperature is low since it was assumed that the 
sensor has a negative temperature coefficient. The potential at 
the noninverting terminal, being greater than that at the in- 
verting terminal at the amplifier, causes the multivibrator to 
oscillate at approximately 10 kHz. The oscillations are trans- 
former-coupled through a current-limiting resistor to the gate 
of the thyristor, and trigger it into conduction. 

When the thyristor conducts, the load receives ac input 
power, which tends to increase the temperature of the sensor. 
This temperature increase decreases the potential at point A 


to a value below that at point B and the multivibrator 
is disabled, which action, in turn, turns off the thyristor. 
The temperature is thus controlled in an on-off fashion. 

Capacitor C] is used to provide a low impedance path to 
ground for feedback -induced signals at terminal No. 5 while 
blocking the direct current bias provided by resistor Rl. Re- 
sistor R2 provides current limiting. Resistor R3 limits the 
secondary current of the transformer to prevent excessive 
current flow to the control terminal of the CA3094. 

Photocoupler Isolation - In Fig. 28, a photocouplei 
provides electrical isolation of the sensor logic from the 
incoming ac power lines. When a logic “1” is applied at the 
input of the photocoupler, the triac controlling the load will 
be turned on whenever the line voltage passes through zero. 
When a logic “0” is applied to the photocoupler, the triac will 
turn off and remain off until a logic “1” appears at the input 
of the photocoupler. 



Fig. 28 — Zero-voltage switch, on-off controller with photocoupler. 
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TEMPERATURE CONTROLLERS 

Fig. 29 shows a triac used in an on-off 
temperature-controller configuration. The triac is turned on at 
zero voltage whenever the voltage V s exceeds the reference 
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Fig. 29 - CA3058 or CA3059 on-off temperature controller. 

voltage V r . The transfer characteristic of this system, shown in 
Fig. 30(a), indicates significant thermal overshoots and 
undershoots, a well-known characteristic of such a system. The 
differential or hysteresis of this system, however, can be 
further increased, if desired, by the addition of positive 
feedback. 

TEMPERATURE TEMPERATURE 



(a) ( b ) 


Fig. 30 — Transfer characteristics of (a) on-off and (b) proportional 
control systems. 

For precise temperature-control applications, the 
proportional-control technique with synchronous switching is 
employed. The transfer curve for this type of controller is 
shown in Fig. 30(b). In this case, the duty cycle of the power 
supplied to the load is varied with the demand for heat 
required and the thermal time constant (inertia) of the system. 
For example, when the temperature setting is increased in an 
on-off type of controller, full power (100 per cent duty cycle) 
is supplied to the system. This effect results in significant 
temperature excursions because there is no anticipatory circuit 
to reduce the power gradually before the actual set 
temperature is achieved. However, in a proportional control 
technique, less power is supplied to the load (reduced duty 
cycle) as the error signal is reduced (sensed temperature 
approaches the set temperature). 

Before such a system is implemented, a time base is chosen 
so that the on-time of the triac is varied within this time base. 
The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Fig. 31 illustrates the 
principle of proportional control. For this operation, power is 
supplied to the load until the ramp voltage reaches a value 
greater than the dc control signal supplied to tfye opposite side 
of the differential amplifier. The triac then remains off for the 
remainder of the time-base period. As a result, power is 
“proportioned” to the load in a direct relation to the heat 
demanded by the system. 



-i 


Fig. 31 — Principles of proportional control. 

thermal system and the closed-loop type of control. In the 
circuit shown in Fig. 32, the ramp voltage is generated when 
the capacitor Ci charges through resistors Ro and R(. The 
time base of the ramp is determined by resistors R2 and R3, 
capacitor C2 , and the breakover voltage of the D3202U* diac. 


lag the incoming line voltage. The motors, however, are 
switched by the triacs at zero current, as shown in Fig- 34(b). 

The problem of driving inductive loads such 3s these motors 
by the narrow pulses generated by the zero-voltage switch is 
solved by use of the sensitive-gate RCA40526 triac. The high 
sensitivity of this device (3 milliamperes maximum) and low 
latching current (approximately 9 milliamperes) permit 
synchronous operation of the temperature-controller circuit. 
In Fig. 34(a), it is apparent that, though the gate pulse VgOf 
triac Yj has elapsed, triac Y2 is switched on by the current 
through R L1 . The low latching current of the RCA40526 
triac results in dissipation of only 2 watts in Rli , as opposed 
to 10 to 20 watts when devices that have high latching 
currents are used. 
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Fig. 32 - Ramp generator. 

When the voltage across C2 reaches approximately 32 volts, 
the diac switches and turns on the 2N697S transistor and 
1N9 14 diodes. The capacitor Cj then discharges through the 
collector-to-emitter junction of the transistor. This discharge 
time is the retrace or flyback time of the ramp. The circuit 
shown can generate ramp times ranging from 0.3 to 
2.0 seconds through adjustment of R2. For precise 
temperature regulation, the time base of the ramp should be 
shorter than the thermal time constant of the system, but long 
with respect to the period of the 60-Hz line voltage. Fig. 33 
shows a triac connected for the proportional mode. 



Fig. 34 - Dual output, over-under temperature controller (a) circuit. 



For this application, a simple ramp generator can be 
realized with a minimum number of active and passive 
components. A ramp having good linearity is not required for 
proportional operation because of the nonlinearity of the 

* Formerly RCA 45412 


Fig. 34(a) shows a dual-output temperature controller that 
drives two triacs. When the voltage V s developed across the 
temperature-sensing network exceeds the reference voltage 
Vri, motor No. 1 turns on. When the voltage across the 
network drops below the reference voltage Vr 2, motor No. 2 
turns on. Because the motors are inductive, the currents I^i 


Electric-Heat Application 

For electric -heating applications, the RCA-2N5444 

40-ampere triac and the zero-voltage switch constitute an 
optimum pair. Such a combination provides synchronous 
switching and effectively replaces the heavy-duty contactors 
which easily degrade as a result of pitting and wearout from 
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Fig. 35 — Synchronous-switching heat staging controller using a series 
of zero-voltage switches. 


the switching transients. The salient features of the 2N5444 
40-ampere triac are as follows: 

(1) 300-ampere single-surge capability (for operation at 
60-Hz), 

(2) a typical gate sensitivity of 20 milliamperes in the 1( + ) 
and III( + ) modes, 

(3) low on-state voltage of 1 .5 volts maximum at 
40 amperes, and 

(4) available V D rqm equal to 600 volts. 

Fig. 35 shows the circuit diagram of a 

synchronous-switching heat-staging controller that is used for 
electric heating systems. Loads as heavy as 5 kilowatts are - 
switched sequentially at zero voltage to eliminate RFI and 
prevent a dip in line voltage that would occur if the full 
25 kilowatts were to be switched simultaneously. 

Transistor Qi and Q4 are used as a constant-current source 
to charge capacitor C in a linear manner. Transistor Q2 acts as a 
buffer stage. When the thermostat is closed, a ramp voltage is 
provided at output E 0 . At approximately 3-second intervals, 
each 5-kilowatt heating element is switched onto the power 
system by its respective triac. When there is no further demand 
for heat, the thermostat opens, and capacitor C discharges 
through R\ and R2 to cause each triac to turn off in the 
reverse heating sequence. It should be noted that some 
half-cycling occurs before the heating element is switched fully 
on. This condition can be attributed to the inherent 
dissymmetry of the triac and is further aggravated by the 
slow-rising ramp voltage applied to one of the inputs. The 
timing diagram in Fig. 36 shows the turn-on and turn-off 
sequence of the heating system being controlled. 



Fig. 36 — Ramp-voltage waveform for the heat-staging controller. 

Seemingly, the basic method shown in Fig. 35 could be 
modified to provide proportional control in which the number 
of heating elements switched into the system, under any given 
thermal load, would be a function of the BTU’s required by 
the system or the temperature differential between an indoor 
and outdoor sensor within the total system environment. That 


is, the closing of the thermostat would not switch in all the 
heating elements within a short time interval, which inevitably 
results in undesired temperature excursions, but would switch 
in only the number of heating elements required to satisfy the 
actual heat load. 


Oven/Broiler Control 

Zero-voltage switching is demonstrated in the oven control 
circuit shown in Fig. 37. In this circuit, a sensor element is 



Fig. 37 — Schematic diagram of basic oven control. 


included in the oven to provide a closed-loop system for 
accurate control of the oven temperature. 

As shown in Fig. 37, the temperature of the oven can be 
adjusted by means of potentiometer Rj, which acts, together 
with the sensor, as a voltage divider at terminal 13. The voltage 
at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors R4 and R5 . When the oven is 
cold and the resistance of the sensor is high, transistors Q2 and 
Q4 are off, a pulse of gate current is applied to the triac, and 
heat is applied to the oven. Conversely, as the desired 
temperature is reached, the bias at terminal 13 turns the triac 
off. The closed-loop feature then cycles the oven element on 
and off to maintain the desired temperature to approximately 
±2°C of the set value. Also, as has been noted, external 
resistors between terminals 13 and 8, and 7 and 8, can be used 
to vary this temperature and provide hysteresis. In Fig. 1 1 , a 
circuit that provides approximately 10-per-cent hysteresis is 
demonstrated. 

In addition to allowing the selection of a hysteresis value, 
the flexibility of the control circuit permits incorporation of 
other features. A PTC sensor is readily used by interchanging 
terminals 9 and 13 of the circuit shown in Fig. 37 and 
substituting the PTC for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected by 
external resistors to provide for a variety of biasing, e.g., to 
match a lower-resistance sensor for which the switching-point 
voltage has been reduced to maintain the same sensor current. 

To accommodate the self-cleaning feature, external 
switching, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of course, 
the potentiometer must be capable of a setting such that the 
sensor, which must be characterized for the high, self-clean 
temperature, can monitor and establish control of the 
high-temperature, self-clean mode. The ease with which this 
self-clean mode can be added makes the over-all solid-state 
systems cost-competitive with electromechanical systems of 
comparable capability. In addition, the system incorporates 
solid-state reliability while being neater, more easily calibrated, 
and containing less-costly system wiring. 

Integral-Cycle Temperature Controller (No half-cycling) 

If a temperature controller which is completely devoid of 
half-cycling and hysteresis is required, then the circuit shown 
in Fig. 38 may be used. This type of circuit is essential for 
applications in which half-cycling and the resultant dc 
component could cause overheating of a power transformer on 
the utility lines. 

In the integral-cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (Yi), therefore, is turned off. The triac (Y2) is then 
triggered directly from the line on positive cycles of the ac 
voltage. When Y2 is triggered and supplies power to the load 
Rl, capacitor C is charged to the peak of the input voltage. 



a FORMERLY RCA 44003 92CM-22SIT 

• FORMERLY RCA 40635 

Fig. 38 — Integral-cycle temperature controller in which half-cycling effect is eliminated. 
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Fig. 39 - CA3058 or CA3059 integral-cycle temperature controller 
that features a protection circuit and no half-cycling effect. 


When the ac line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the ’negative 
half-cycle. The diode-resistor-capacitor “slaving network” 
triggers the triac on negative half-cycle to provide only integral 
cycles of ac power to the load. 

When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive voltage 
level appears at terminal 4 o'f the zero-voltage switch. The SCR 
then starts to conduct at the beginning of the positive input 
cycle to shunt the trigger current away from the gate of the 
triac. The triac is then turned off. The cycle repeats when the 
SCR is again turned OFF by the zero-voltage switch. 

The circuit shown in Fig. 39 is similar to the configuration 
in Fig. 38 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Q 0 inverts the signal output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y j ). The internal 
power supply of the zero-voltage switch supplies bias current 
to transistor Q 0 . 

Of course, the circuit shown in Fig. 39 can readily be 
converted to a true proportional integral-cycle temperature 
controller simply by connection of a positive-going ramp 
voltage to terminal 9 (with terminals 10 and 1 1 open), as 
previously discussed in this Note. 

Thermocouple Temperature Control 

Fig. 40 shows the CA3080 A operating as a pre-amplifier for 
the zero-voltage switch to form a zero-voltage switching circuit 
for use with thermocouple sensors. 



switching. 

Thermocouple Temperature Control with Zero-Voltage Load 
Switching 

Fig. 41 shows the circuit diagram of a thermocouple temp- 
erature control system using zero-voltage load switching. It 
should be noted that one terminal of the thermocouple is con- 
nected to one leg of the supply line. Consequently, the thermo- 
couple can be “ground-referenced”, provided the appropriate 


leg of the ac line is maintained at ground. The comparator, Aj 
(a CA3130), is powered from a 6.4-volt source of potential 
provided by the zero-voltage-switch (ZVS) circuit (a CA3079). 
The ZVS, in turn, is powered off-line through a series-dropping 
resistor R6. Terminal 4 of the ZVS provides trigger-pulses to 
the gate of the load-switching triac in response to an appro- 
priate control signal at terminal 9. 



Fig. 41 — Thermocouple temperature control with zero-voltage 
switching. 


The CA3130 is an ideal choice for the type of comparator 
circuit shown in Fig. 41 because it can “compare” low voltages 
(such as those generated by a thermocouple) in the proximity 
of the negative supply rail. Adjustment of potentiometer R1 
drives the voltage-divider network R3, R4 so that reference 
voltages over the range of 0 to 20 millivolts can be applied to 
noninverting terminal 3 of the comparator. Whenever the 
voltage developed by the thermocouple at terminal 2 is more 
positive than the reference voltage applied at terminal 3, the 
comparator output is toggled so as to sink current from ter- 
minal 9 of the ZVS; gate pulses are then no longer applied to 
the triac. As shown in Fig. 411, the circuit is provided with a 
control-point “hysteresis” of 1.25 millivolts. 

Nulling of the comparator is performed by means of the 
following procedure: Set R1 at the low end of its range and 
short the thermocouple output signal appropriately. If the 
triac is in the conductive mode under these conditions, adjust 
nulling potentiometer R5 to the point at which triac conduc- 
tion is interrupted. On the other hand, if the triac is in the non- 
conductive mode under the conditions above, adjust R5 to the 
point at which triac conduction commences. The thermo- 
couple output signal should then be unshorted, and R1 can be 
set to the voltage threshold desired for control-circuit operation. 

MACHINE CONTROL AND AUTOMATION 

The earlier section on interfacing techniques indicated 
several techniques of controlling ac loads through a logic 


system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of a flexible logic 
system. A special circuit, designed only to meet the control 
requirements of a particular machine, may prove more 
economical. For example, consider the simple machine shown 
in Fig. 42; for each revolution of the motor, the belt is 
advanced a prescribed distance, and the strip is then punched. 
The machine also has variable speed capability. 



Fig. 42 — Step-and-punch machine. 


The typical electromechanical control circuit for such a 
machine might consist of a mechanical cambank driven by a 
separate variable speed motor, a time delay relay, and a few 
logic and power relays. Assuming use of industrial-grade 
controls, the control system could get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deenergizes 
the solenoid and motor. Fig. 43 shows such transients, which 
might not affect the operation of this machine, but could 
affect the more sensitive solid-state equipment operating in the 
area. 

A more desirable system would use triacs and zero-voltage 
switching to incorporate the following advantages: 

a. Increased reliability and long life inherent in 
solid-state devices as opposed to moving parts and 
contacts associated with relays. 



Fig. 43 — Transients generated by relay-contact bounce and non-zero 
turn-off of inductive load. 


b. Minimized generation of EMI/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 

c. Elimination of high-voltage transients generated by 
relay-contact bounce and contacts breaking inductive 
loads, as shown in Fig. 42. 

d. Compactness of the control system. 

The entire control system could be on one printed-circuit 
board, and an over-all cost advantage would be achieved.. 
Fig. 44 is a timing diagram for the proposed solid-state 
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Fig. 44 — Timing diagram for proposed solid-state machine control. 
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machine control, and Fig. 45 is the corresponding control 
schematic. A variable-speed machine repetition rate pulse is set 
up using either a unijunction oscillator or a transistor astable 
multivibrator in conjunction with a 10-millisecond one-shot 
multivibrator. The first zero-voltage switch in Fig. 45 is used 
to synchronize the entire system to zero-voltage crossing. Its 
output is inverted to simplify adaptation to the rest of the 
circuit. The center zero-voltage switch is used as an interface 
for the photo-cell, to control one revolution of the motor. The 
gate drive to the motor triac is continuous dc, starting at zero 
voltage crossing. The motor is initiated when both the machine 
rate pulse and the zero-voltage sync are at low voltage. The 
bottom zero-voltage switch acts as a time-delay for pulsing the 
solenoid. The inhibit input, terminal 1, is used to assure that 
the solenoid will not be operated while the motor is running. 
The time delay can be adjusted by varying the reference level 
(50K potentiometer) at terminal 13 relative to the capacitor 
charging to that level on terminal 9. The capacitor is reset by 
the SCR during the motor operation. The gate drive to the 
solenoid triac is direct current. Direct current is used to trigger 
both the motor and solenoid triacs because it is the most 
desirable means of switching a triac into an inductive load. The 
output of the zero-voltage switch will be continuous dc by 
connecting terminal 12 to common. The output under dc 
operation should be limited to 20 milliamperes. The motor 



Fig. 45 — Schematic of proposed solid-state machine control. 


triac is synchronized to zero crossing because it is a 
high-crurent inductive load and there is a chance of generating 
RFI. The solenoid is a very low current inductive load, so 
there would be little chance of generating RFI: therefore, the 
initial triac turn-on can be random, which simplifies the 
circuitry. 

This example shows the versatility and advantages of the 
RCA zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 

400-Hz TRIAC APPLICATIONS 

The increased complexity of aircraft control systems, and 
the need for greater reliability than electromechanical 
switching can offer, has led to the use of solid-state power 
switching in aircraft. Because 400-Hz power is used almost 
universally in aircraft systems, RCA offers a complete line of 
triacs rated for 400-Hz applications. Use of the RCA 
zero-voltage switch in conjunction with these 400-Hz triacs 
results in a minimum of RFI, which is especially important in 
aircraft. 

Areas of application for 400-Hz triacs in aircraft include: 

a. Heater controls for food-warming ovens and for 
windshield defrosters. 


b. Lighting controls for instrument panels and cabin 
illumination 

c. Motor controls 

d. Solenoid controls 

e. Power-supply switches 

Lamp dimming is a simple triac application that 
demonstrates an advantage of 400-Hz power over 60-Hz 
power. Fig. 46 shows the adjustment of lamp intensity by 
phase control of the 60-Hz line voltage. RFI is generated by 
the step functions of power each half cycle, requiring 
extensive filtering. Fig. 47 shows a means of controlling power 
to the lamp by the zero-voltage-switching technique. Use of 
400-Hz power makes possible the elimination of complete or 
half cycles within a period (typically 17.5 milliseconds) 
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Fig. 46— Waveforms for 60-Hz phase-controlled lamp dimmer. 

without noticeable flicker. Fourteen different levels of lamp 
intensity can be obtained in this manner. A line-synced ramp is 
set up with the desired period and applied to terminal No. 9 of 
the differential amplifier within the zero-voltage switch, as 
shown in Fig. 48. The other side of the differential amplifier 
(terminal No. 13) uses a variable reference level, set by the 
50K potentiometer. A change of the potentiometer setting 
changes the lamp intensity. 
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Fig. 47 — Waveforms for 400-Hz zero-voltage-switched lamp dimmer. 

In 400-Hz applications it may be necessary to widen and 
shift the zero-voltage switch output pulse (which is typically 
12 microseconds wide and centered on zero voltage crossing), 
to assure that sufficient latching current is available. The 4K 
resistor (terminal No. 12 to common) and the 
0.015-microfarad capacitor (terminal No. 5 to common) are 
used for this adjustment. 

SOLID-STATE TRAFFIC FLASHER 

Another application which illustrates the versatility of the 
zero-voltage switch, when used with RCA thyristors, involves 
switching traffic-control lamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 



Fig. 48 - Circuit diagram for 400-Hz zero-voltage-switched lamp 
dimmer. 

on a continuous basis. This surge results from the difference 
between the cold and hot resistance of the tungsten filament. 
If it is assumed that triac turn-on is at 90 degrees from the 
zero-voltage crossing, the first current-surge peak is 
approximately ten times the peak steady-state value or fifteen 
times the steady-state rms value. The second current-surge 
peak is approximately four times the steady-state rms value. 

When the triac randomly switches the lamp, the rate of 
current rise di/dt is limited only by the source inductance. The 
triac di/dt rating may be exceeded in some power systems. In 
many cases, exceeding the rating results in excessive current 
concentrations in a small area of the device which may 
produce a hot spot and lead to device failure. Critical 
applications of this nature require adequate drive to the triac 
gate for fast turn-on. In this case, some inductance may be 
required in the load circuit to reduce the initial magnitude of 
the load current when the triac is passing through the active 
region. Another method may be used which involves the 
switching of the triac at zero line voltage. This method 
involves the supply of pulses to the triac gate only during the 
presence of zero voltage on the ac line. 

Fig. 49 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the required triac surge-current ratings, increases the 
operating lamp life, and eliminates RFI problems. This circuit 
consists of two triacs, a flip-flop (FF-1), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this 
circuit is controlled by potentiometer R, which provides 
between 10 and 120 flashes per minute. The state of FF-1 
determines the triggering of triacs Yj or Y 2 by the output 
pulses at terminal 4 generated by the zero-crossing circuit. 
Transistors Qi and Q 2 inhibit these pulses to the gates of the 
triacs until the triacs turn on by the logical “1” (Vcc high) 
state of the flip-flop. 

The arrangement described can also be used for a 
synchronous, sequential traffic-controller system by addition 
of one triac, one gating transistor, a “divide-by-three” logic 
circuit, and modification in the design of the diac pulse 
generator. Such a system can control the familiar red, amber, 
and green traffic signals that are found at many intersections. 
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Fig. 49 — Synchronous-switching traffic flasher. 
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SYNCHRONOUS LIGHT FLASHER 

Fig. 50 shows a simplified version of the 
synchronous-switching traffic light flasher shown in Fig. 49. 



Fig. 50 — Synchronous tight flasher. 


Flash rate is set by use of the curve shown in Fig. .16. If a more 
precise flash rate is required, the ramp generator described 
previously may be used. In this circuit, ZVSj is the master 
control unit and ZVS 2 is slaved to the output of ZVSi 
through its inhibit terminal (terminal 1). When power is 
applied to lamp No. 1, the voltage of terminal 6 on ZVSi is 
high and ZVS 2 is inhibited by the current in R x . When lamp 
No. 1 is off, ZVS 2 is not inhibited, and triac Y 2 can fire. The 
power supplies operate in parallel. The on-off sensing amplifier 
in ZVS 2 is not used. 

TRANSIENT-FREE SWITCH CONTROLLERS 

The zero-voltage switch can be used as a simple solid-state 
switching device that permits ac currents to be turned on or 
off with a minimum of electrical transients and circuit noise. 

The circuit shown in Fig. 51 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power-line voltage reaches a zero crossing before power is 
applied to the load Zl- Conversely, when the control terminals 
are shorted, the load current continues until it reaches a zero 
crossing. This circuit can switch a load at zero current whether 
it is resistive or inductive. 

The circuit shown in Fig. 52 is connected to provide the 
opposite control logic to that of the circuit shown in Fig! 5 1 . 
That is, when the switch is closed, power is supplied to the 
load, and when the switch is opened, power is removed from 
the load. 

In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Y 2 . If Y 2 is an 
RCA-2N5444 triac, an rms current of 40 amperes can be 
switched. 

DIFFERENTIAL COMPARATOR FOR INDUSTRIAL USE 

Differential comparators have found widespread use as limit 
detectors which compare two analog input signals and provide 
a go/no-go, logic ‘ one” or logic “zero” output, depending 
upon the relative magnitudes of these signals. Because the 
signals are often at very low voltage levels and very accurate 
discrimination is normally required between them, differential 
comparators in many cases employ differential amplifiers as a 
basic building block. However, in many industrial control 
applications, a high-performance differential comparator is not 
required. That is, high resolution, fast switching speed, and 
similar features are not essential. The zero-voltage switch is 
ideally suited for use in such applications. Connection of 
terminal 12 to terminal 7 inhibits the zero-voltage threshold 
detector of the zero-voltage switch, and the circuit becomes a 
differential comparator. 

Fig. 53 shows the circuit arrangement for use of the 
zero-voltage switch as a differential comparator. In this 
application, no external dc supply is required, as is the case 
with most commercially available integrated-circuit 
comparators; of course, the output-current capability of the 
zero-voltage switch is reduced because the circuit is operating 
in the dc mode. The 1000-ohm resistor Rq, connected 
between terminal 4 and the gate of the triac, limits the output 
current to approximately 3 milliamperes. 

When the zero-voltage switch is connected in the dc mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of dc voltage 
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Fig. 51 — Zero-voltage switch transient-free switch controller in which 
power is supplied to the load when the switch is open. 



*IF Y z , FOR EXAMPLE. IS a 40-AMPERE TRIAC, R| must be decreased to supply 
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Fig. 52 — Zero-voltage switch transient-free switch controller in which 
power is applied to the toad when the switch is closed. 



Fig. 53 - Differential comparator using the CA3058 or CA3059 
integrated-circuit zero-voltage switch. 
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from terminals 2 and 7. This curve is shown in the technical 
bulletin for RCA integrated -circuit zero-voltage switches, File 
No. 490. Of course, if additional output current is required, an 
external dc supply may be connected between terminals 2 
and 7, and resistor (shown in Fig. 53) may be removed. 

The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high-performance commercially 
available integrated-circuit differential comparator. 


Parameters 

Sensitivity 

Switching speed 
(rise time) 

Output drive 
capability 


Zero-Voltage 

Switch 

(Typical Values) 
30 mV 

>20 ps 


*4.5 V at < 4 mA 


Typical 

Integrated-Circuit 
Comparator (710) 
2 mV 

90 ns 


3.2 V at < 5.0 mA 


* Refer to Fig. 20; Rx equals 5000 ohms. 


POWER ONE-SHOT CONTROL 

Fig. 54 shows a circuit which triggers a triac for one complete 
half-cycle of either the positive or negative alternation of the 
ac line voltage. In this circuit, triggering is initiated by the 
push button PB-1 , which produces triggering of the triac near 
zero voltage even though the button is randomly depressed 
during the ac cycle. The triac does not trigger again until the 
button is released and again depressed. This type of logic is 
required for the solenoid drive of electrically operated stapling 
guns, impulse hammers, and the like, where load-current flow 
is required for only one complete half-cycle. Such logic can 
also be adapted to keyboard consoles in which contact bounce 
produces transmission of erroneous information. 

In the circuit of Fig. 54, before the button is depressed, 
both flip-flop outputs are in the “zero” state. Transistor Q q is 
biased on by the output of flip-flop FF-1. The differential 
comparator which is part of the zero-voltage switch is initially 
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Fig. 54 - Block diagram of a power one-shot control using a 
zero-voltage switch. 

biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of Qg 
determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a “framing pulse” and does 
not trigger the triac but toggles FF-1. Transistor Qq is then 
turned off. The second pulse triggers the triac and FF -1 which, 
in turn, toggles the second flip-flop FF-2. The output of FF-2 
turns on transistor Q 7 , as shown in Fig. 55, which inhibits all 
further output pulses. When the pushbutton is released, the 
circuit resets itself until the process is repeated with the 
button. Fig. 56 shows the timing diagram for the described 
operating sequence. 


PHASE CONTROL CIRCUIT 

Fig. 57 shows a circuit using a CA3058 or CA3059 
zero-voltage switch together with two CA3086 
integrated-circuit transistor arrays to form a phase-control 
circuit. This circuit is specifically designed for speed control of 
ac induction motors, but may also be used as a light dimmer. 




Fig. 56 — Timing diagram for the power one-shot control. 


The circuit, which can be operated from a line frequency of 
50-Hz to 400-Hz, consists of a zero-voltage detector, a 
line-synchronized ramp generator, a zero-current detector, and 
a line-derived control circuit (i.e., the zero-voltage switch). The 
zero-voltage detector (part of CA3086 No. 1) and the ramp 
generator (CA3086 No. 2) provide a line-synchronized 
ramp-voltage output to terminal 13 of the zero-voltage switch. 
The ramp voltage, which has a starting voltage of 1 .8 volts, 
starts to rise after the line voltage passes the zero point. The 
ramp generator has an oscillation frequency of twice the 
incoming line frequency. The slope of the ramp voltage can be 
adjusted by variation of the resistance of the 1 -megohm 
ramp-control potentiometer. The output phase can be 
controlled easily to provide 180° firing of the triac by 
programming the voltage at terminal 9 of the zero-voltage 
switch. The basic operation of the zero-voltage switch driving a 
thyristor with an inductive load was explained previously in 
the discussion on switching of inductive loads. 

ON/OFF TOUCH SWITCH 

The on/off touch switch shown in Fig. 58 uses the CA3240E 
to sense small currents flowing between two contact points on 
a touch plate consisting of a PC board metallization “grid”. 
When the on plate is touched, current flows between the two 
halves of the grid, causing a positive shift in the output voltage 
(terminal 7) of the CA3240E. These positive transitions are fed 
into the CA3059, which is used as a latching circuit and zero- 
crossing triac driver. When a positive pulse occurs at terminal 
No. 7 of the CA3240E, the triac is turned on and held on by 


the CA3059 and associated positive feedback circuitry (51- 
kilohm resistor and 36-kilohm/42-kilohm voltage divider). 
When the pulse occurs at terminal No. 1, the triac is turned off 
and held off in a similar manner. Note that power for the 
CA3240E is derived from the CA3059 internal power supply. 
The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduction 
while maintaining sufficiently high circuit impedance to pro- 
tect against electrical shock. 

TRIAC POWER CONTROLS FOR 
THREE-PHASE SYSTEMS 

This section describes recommended configurations for 
power-control circuits intended for use with both inductive 
and resistive balanced three : phase loads. The specific design 
requirements for each type of loading condition are discussed. 

In the power-control circuits described, the 
integrated-circuit zero-voltage switch is used as the trigger 
circuit for the power triacs. The following conditions are also 
imposed in the design of the triac control circuits; 

1. The load should be connected in a three-wire 
configuration with the triacs placed external to the load; 
eiter delta or wye arrangements may be used. Four-wire 
loads in wye configurations can be handled as three 
independent single-phase systems. Delta configurations in 
which a triac is connected within each phase rather than 
in the incoming lines can also be handled as three 
independent single-phase systems. 

2. Only one logic command signal is available for the 
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Fig. 58 — On-off touch switch. 


control circuits. This signal must be electrically isolated 
from the three-phase power system. 

3. Three separate triac gating signals are required. 

4. For operation with resistive loads, the zero-voltage 
switching technique should be used to minimize any 
radio-frequency interference (RFI) that may be 
generated. 

Isolation of DC Logic Circuitry 

As explained earlier under Special Application 
Considerations, isolation of the dc logic circuitry* from the ac 
line, the triac, and the load circuit is often desirable even in 
many single-phase power-control applications. In control 
circuits for polyphase power systems, however, this type of 
isolation is essential, because the common point of the dc logic 
circuitry cannot be referenced to a common line in all phases. 


* The dc logic circuitry provides the low-level electrical signal that 
dictates the state of the load. For temperature controls, the dc logic 
circuitry includes a temperature sensor for feedback. The RCA 
integrated-circuit zero-voltage switch, when operated in the dc mode 
with some additional circuitry, can replace the dc logic circuitry for 
temperature controls. 


In the thiee-phase circuits described in this section, 
photo-optic techniques (i.e., photo-coupled isolators) are used 
to provide the electrical isolation of the dc logic command 
signal from the ac circuits and the load. The photo-coupled 
isolators consist of an infrared light-emitting diode aimed at a 
silicon photo transistor, coupled in a common package. The 
light-emitting diode is the input section, and the photo 
transistor is the output section. The two components provide a 
voltage isolation typically of 1500 volts. Other isolation 
techniques, such as pulse transformers, magnetoresistors, or 
reed relays, can also be used with some circuit modifications. 
Resistive Loads 

Fig. 59 illustrates the basic phase relationships of a 
balanced three-phase resistive, load, such as may be used in 
heater applications, in which the application of load power is 

controlled by zero-voltage switching. The following conditions 
are inherent in this type of application: 

1 . The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneously at zero 
voltage. 

2. A single phase of a wye configuration type of three-wire 
system cannot be turned on. 


3. Two phases must be turned on for initial starting of the 
system. These two phases form a single-phase circuit 
which is out of phase with both of its component phases. 
The single-phase circuit leads one phase by 30 degrees 
and lags the other phase by 30 degrees. 

These conditions indicate that in order to maintain a 
system in which no appreciable RFI is generated by the 
switching action from initial starting through the steady-state 
operating condition, the system must first be turned on, by 
zero-voltage switching, as a single-phase circuit and then must 
revert to synchronous three-phase operation. 

Fig. 60 shows a simplified circuit configuration of a 
three-phase heater control that employs zero-voltage 
synchronous switching in the steady-state operating condition, 
with random starting. In this system, the logic command to 
turn on the system is given when heat is required, and the 
command to turn off the system is given when heat is not 
required. Time proportioning heat control is also possible 
through the use of logic commands. 

The three photo-coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a “logic 
command”. The zero-voltage switches then provide a positive 
pulse, approximately 100 microseconds in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three-phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase on 
their common side (terminal 7) and referenced at their high 
side (terminal 5), through the current-limiting resistors R4, 
R5, and R6, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three-wire load 
and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three-wire load. Because only one triac is pulsed on at a time, 
the diodes (Dl, D2, and D3) are necessary to trigger the 
opposite-polarity triac, and, in this way, to assure initial 
latching-on of the system. The three resistors (Rl, R2, and 
R3) are used for current limiting of the gate drive when the 
opposite-polarity triac is triggered on by the line voltage. 

In critical applications that require suppression of all 
generated RFI, the circuit shown in Fig. 61 may be used. In 
addition to synchronous steady-state operating conditions, this 
circuit also incorporates a zero-voltage starting circuit. The 
start-up condition is gero-voltage synchronized to a 
single-phase, 2-wire, line^to-line circuit, comprised of phases A 
and B. The logic command engages the single-phase start-up 
zero-voltage switch and three-phase photo-coupled 
isolators OC13, OC14, OC15 through the photo-coupled 



Fig. 59 - Voltage phase relationship for a three-phase resistive toad 
when the application of load power is controlled by 
zero-voltage switching: (a) voltage waveforms, (b) load-circuit 
orientation ofj voltages. (The dashed lines indicate the normal 
relationship of the phases under steady-state conditions. The 
deviation at start-up and turn-off should be noted.) 
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Fig. 60 — Simplified diagram of a three-phase heater control that 
employs zero-voltage synchronous switching in the 
steady-state operating conditions. 



isolators OC1 1 and OC 12. The single-phase zero-voltage 
switch, which is synchronized to phases A and B, starts the 
system at zero voltage. As soon as start-up is accomplished, the 
three photo-coupled isolators OC 13, 0C14, and 0C15 take 
control, and three-phase synchronization begins. When the 
“logic command” is turned off, all control is ended, and the 
triacs automatically turn off when the sine-wave current 
decreases to zero. Once the first phase turns off, the other two 
will turn off simultaneously, 90° later, as a single-phase 
line-to-line circuit, as is apparent from Fig. 59. 

Inductive Loads 

For inductive loads, zero-voltage turn-on is not generally 
required because the inductive current cannot increase 
instantaneously; therefore, the amount of RFI generated is 
usually negligible. Also, because of the lagging nature of the 
inductive current, the triacs cannot be pulse-fired at zero 
voltage. There are several ways in which the zero-voltage 
switch may be interfaced to a triac for inductive-load 
applications. The most direct approach is to use the 
zero-voltage switch in the dc mode, i.e., to provide a 
continuous dc output instead of pulses at points of 
zero-voltage crossing. This mode of operation is accomplished 
by connection of terminal 12 to terminal 7, as shown in 
Fig. 62. The output of the zero-voltage switch should also be 
limited to approximately 5 milliamperes in the dc mode by the 
750-ohm series resistor. Use of a triac sifch as the T2301D* is 
recommended for this application. Terminal 3 is connected to 
terminal 2 to limit the steady-state power dissipation within 
the zero-voltage switch. For most three-phase inductive load 
applications, the current-handling capability of the 40692 triac 
(2.5 amperes) is not sufficient. Therefore, the 40692 is used as 
a trigger triac to turn on any other currently available power 
triac that may be used. The trigger triac is used only to provide 
trigger pulses to the gate of the power triac (one pulse per half 
cycle); the power dissipation in this device, therefore, will be 
minimal. 

Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit 
operates into inductive loads. 

The specific integrated-circuits, triacs, SCR’s, and rectifiers 
included in circuit diagrams shown in this Application Note are 
listed below. Additional information on these devices can be 
obtained by requesting the applicable RCA data-bulletin file 
number. 


Type No. 

File No. 

CA3058, CA3059, and CA3079 

490 

CA3099E 

620 

CA3086 

483 

CA3080 

475 

CD4007A, CD4013A 

479 

2N5444 

456 

T2800B (40668) 

364 

T2300B (40526) 

470 

T2301B (40691), T230 ID (40692) 

431 

T64 170 (40708) 

406 

S2600D (40655) 

496 

D 120 IB (44003) 

495 

D3202U (45412) 

577 

Note: Numbers in parenthesis (e.g. 40668) are former 
RCA type numbers. 


Fig. 61 - Three-phase power control that employs zero-voltage * Formerly RCA 40692 

synchronous switching both for steady-state operation and 
for starting. 
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DESIGNING WITH AN 1C TRANSISTOR ARRAY 
CONTAINING MATCHED 
SUPER-BETA TRANSISTORS 

by T. J. Robe 


Many small-signal, low-frequency , and video-frequency appli- 
cations require an amplifying device with a very high input 
impedance, low input-bias current, and low-noise characteristics 
that can maintain low dc offset voltage and drift. Examples of 
such applications include: 

Small-signal instrumentation - chart recorders, meters, etc. 

Pre-amps for op-amps. 

Magnetic tape-head and phono-cartridge amplifiers. 

Opto-electric amplifiers. 

Medical electronics. 

Devices suitable for such applications are also generally 
applicable in circuits having long time constants, such as 
timers, integrators, monostable oscillators, comparators, and 
low-frequency oscillators. Matched super-beta transistors are 
well suited for use in these applications. 

Super-beta transistors are similar to conventional bipolar 
transistors except that they have betas in the range of 1000 to 
5000; the beta range of a conventional bipolar transistor is 
from 50 to 400. Since super-beta transistors are commonly 
used in high-source-impedance applications that require high 
input impedance and low-noise characteristics, it is equally 
important that they exhibit super-beta performance at operating 
currents of a few microamperes. On the other hand, to achieve 
broadband characteristics in video-amplifier applications, super- 
beta performance must be maintained with collector currents 
of 1 milliampere or more. This Note describes the RCA-CA3095 
super-beta transistor array and discusses its operation in some 
typical applications. 

A TRANSISTOR-ARRAY 1C CONTAINING SUPER-BETA 
TRANSISTORS 

Fig.l shows the schematic diagram of the RCA-CA3095E, a 
monolithic IC^ containing an array of n-p-n transistors of 
which Qj and Q2 have super-beta characteristics. Qj and Q2 
are connected, in conjunction with transistors Q3 and Q4, in a 
differential-cascode-amplifier configuration. Since the super- 
beta transistors in this IC have a collector-emitter breakdown 
voltage of about 2 volts, it is necessary to limit the 

collector-emitter voltage accordingly. Limiting is accomplished 



Fig. 1 - Schematic diagram of the CA3095E. 


by means of the voltage-limiting network composed of D| . D-> 
and Q5; these components are included on the CA3095E chip. 
With this arrangement, the voltage applied to the bases of Q| 
and Q2 can be varied over a wide common-mode voltage range 
while the collector-emitter voltages are restrained within a 
maximum range of about 1.5 volts. The collectors of tran- 
sistors O3 and Q4 have a minimum collector-to-emitter break- 
down voltage of 35 volts. The salient characteristics of the 
differential-cascode amplifier (Q| through Q4) is the “super- 
high” ratio between the collector currents (at terminals 10 and 
6) and the base currents (into terminals 9 and 7, respectively). 
The beta of the circuit is typically in the range of 1000 to 
5000 at collector currents ranging from less than 1 micro- 
ampere to more than 1 milliampere. As a consequence, ampli- 
fier circuits can be designed to operate with extremely small 


input base-bias currents. Implicit in this performance are high 
input impedance, low noise, and low dc offset-error effects. 

Transistors Q5, Qg, and Q7 are conventional n-p-n types 
with betas in the range of 1 50 to 400 at collector currents in 
the range of 1 microampere to 10 milliamperes. These tran- 
sistors also have a minimum collector-emitter breakdown volt- 
age v (BR)CEO of 35 vo,ts - 

Operating the Super-Beta, Differential-Cascode Amplifier 

Application of the differential-cascode amplifier in the 
CA3095E is similar to that of the classical differential-cascode 
amplifier; differential input signals are applied at terminals 7 
and 9 with balanced collector loads connected from terminals 
6 and 10 to the positive supply voltage. The common emitter 
connection, terminal 8, may be made directly or through a 
“current source” (e.g., a transistor or resistor) to the negative 
supply voltage. The circuit in Fig. 2 illustrates the use of 
“mirrored” transistors (Q7, Qg) as a constant-current source 
to provide high emitter impedance for the differential-cascode 
amplifier. As an alternative, a resistor may be used as a 
“current source” (as illustrated by the circuit in Figs. 8, 9, 
and 1 1 ). The IC substrate (terminal 5) is usually connected di- 
rectly to the negative supply terminal, as shown in Fig. 2, be- 
cause it must be maintained at the most negative potential of 
all elements on the CA3095E chip. 

The only additional requirement for CA3095E operation is 
for bias current into terminal 1 1 to forward-bias the network 
composed of Dj, D2 and Q5, and to supply base-bias cur- 
rent for transistors Q3 and Q4. This base-bias current can 
be provided by connecting a dropping resistor between termi- 
nal 1 1 and the positive supply voltage; this arrangement is 
illustrated by the use of resistor RB1AS in Fig. 2. As an 
alternative, this current can be supplied from the positive 
supply to terminal 1 1 through a p-n-p constant-current-source 
transistor to maximize common-mode and power-supply re- 
jection characteristics. In most applications, however, such a 



Fig. 2 - Bias arrangement for operation of the super-beta differential- 
cascode amplifier. 

constant-current- source arrangement is not necessary because 
transistor Q5 conducts most of the Dj , D2 signal current to 
the IC substrate connected to terminal 5. As a general rule, the 
current supplied to terminal 1 1 should be approximately 4 to 
10 per cent of the current drawn from terminal 8. The input 
signals to the super-beta transistors (terminals 7 and 9) should 
not be permitted to swing more than 6 volts below the voltage 


at terminal 1 1 to avoid exceeding the Vqbq rating of super- 
beta transistors Qj and Q2. This factor is normally a design 
consideration only when one or both of the input-stage tran- 
sistors is to be biased off. 

Low-Frequency Operation 

When an amplifier is to operate at very low frequencies, or 
as a dc amplifier, the signal source must be directly coupled to 
the amplifier input. This coupling requires the use of an 
amplifying device with a very low input dc offset error and 
low offset-error drift with temperature variations. A matched 
differential-cascode amplifier, like the one used in the 
CA3095E, is particularly well suited to this requirement, not 
only because of its low input offset voltage (Vjq = 1 mV, 
typical), but also because of its low input offset current (Io = 
4 nA, typical, at Ic = 100 fiA). When the input signal is pro- 
vided from a high-impedance source (Rs), both of these 
characteristics assume importance because the total effective 
input-offset-voltage error is the sum of their effects: 

Total Offset Error = Vjo + IjO^s 

The differential input impedance in megohms (Zjj in Fig. 3) 
of an amplifier operating at low frequencies is given by: 

Zj d = 26 mV X the number of p-n junctions in the input stage 
Ijg(innA) 

where Ijq is the input-stage base-bias current. Consequently, 
the input bias current (I|g) must be quite low if a high input 
impedance is to be established. The characteristics of the 
super-beta transistors in the CA3095E are well suited for use 



10 INTO TERMINALS 19) AND (7) 

Fig. 3 - Input circuit for the differential amplifier. 


in dc amplifiers requiring high input impedance. For example, 
with the super-beta transistors operating at input-stage emitter 
currents of 1 microampere and an Hpp of 2000, the base- 
bias current is only 0.5 nanoampere. Under these conditions, 

Zid 1 - 104 megohms 

Impedance levels of this order can also be realized by using 
negative feedback in connection with devices having higher 
input bias currents, as illustrated by the circuit shown in 
Fig. 4. In this arrangement, the use of the feedback network 
effectively multiplies the differential input impedance. Un- 
fortunately, this arrangement does not avoid the input-offset- 
voltage effect resulting from the flow of unequal currents 
through the signal-source resistance (Rj) and the equivalent 
resistance of the feedback network; i.e., Rj//Rf. Consequently, 
the advantage to be gained by using super-beta transistors is 
apparent. 



*Z,» »Z,d«( 14- LOOP GAIN) 

INPUT DC ERROR- VOLTAGE* V, € 

V t* * v ro + ( i ib|- i ib 2 > r s 


Rf //Ri»R s 

(DESIRED FOR MINIMUM ERROR VOLTAGE) 

Fig. 4 — Differential input with provisions for feedback. 
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Considerations in Low-Noise Performance 

Fig.5 shows the schematic diagram of a noise model 
useful in a review of the considerations pertinent to opti- 
mizing low-noise performance in amplifier operation. 


REFERRED /"S 
TO HERE^^U) 



AMBIENT TEMPERATURE ( 

r A )-23-C 



























. 











Ss 



















^COLLE 

CT0R 

URRENT (I c ). 

0 /*A 




s 








- 








3Z 





— 

— 






' 


"" 




















- 


J 

_ j 

- 






r 










r- 

~ 

r 

— 


■ 


~ 








t 


j 



L 


L 


TOTAL INPUT-REFERRED NOISE VOLTAGE /yHT« E NTl 
FOR AMPLIFIER DRIVEN FROM SIGNAL- SOURCE HAVING SOURCE 
RESISTANCE R s .E n1j (in V/VH*> * AkTR, MITr^T^ 


Fig. 5 - Sources of noise in the transistor-amplifier stage. 

This model illustrates that consideration must be given 10 
three major sources of noise: 

1. Noise contributed by the “thermal-noise” voltage de- 
veloped across the signal-s ource resistance, R s . The magni- 
t ude of th is voltage in V/j Hz is approximately equal to 

/ 4KTR S for a 1-cycle bandwidth, where k is Boltzmann’s 
constant (1.38 x lO’ 2 ^ joule/°K), T is the temperature in 
degrees Kelvin, and R$ is the source resistance in ohms. 

2. The noise voltage, E n , resulting from the combined effects 
of shot noise due to emitter current flow and thermal 
noise due to transistor base resistance. These effects add 
in rms fashion to give a total E n equal to (E s h 0 t^ + 
4KTrb'b)'^. The shot-noise component, E^f, is inversely 
proportional to the square root of IgQ, and has a value 

14.2 xlO* 12 . 

E shol “ ~ 7===i — (V/Hz.) 

v •eq 

In super-beta transistors, the base resistance component of 
E n tends to dominate, particularly at currents greater than 
10 microamperes. In addition, this component of E n has 
been experimentally found to be inversely related to oper- 
ating current. Therefore, the total value of E n is inversely re- 
lated to operating current IgQ. For example, the CA3095E 
has a total 1-kHz E n of approximately 15 nV/ Hz at a 
collector current of 5 microamperes and approximately 
8 nV/yilz at 50 microamperes. 

3. The noise current, I n , resulting from the combined "shot 
noise” generated by the flow of base current and the 1/f 
noise generated in the transistor. The magnitude of ! n is 
approximately proportional to \JT\q, where I|g is the base 
current. The value of I n is typically 0.12 pA/ /Hz*at f = 
10 Hz when the super-beta differential-cascode amplifier 
in the CA3095E is operating at IgQ = 5 jjtA. I n decreases 
to approximately 0.03 pA/Hz'at f = 1 kHz. 

When each input terminal in a differential amplifier is drive" 
from a source resistance (R s ), the total noise voltage (referred 
to the input, see Fig. 5) per unit bandwidth is given by: 

Enti (in V//ifa) = /2KTR S + 2(I^Rs) 2 +(E n ) 2 ' 

When amplifiers are driven from low source impedances, E n is 
the predominant factor in noise contributions, whereas the 
effect of I n predominates when input signals- are supplied 
from high source impedances. Consequently, since the 
CA3095E operates with very high beta at very low operating 
currents, it has exceptionally low values of I n , and is an excel- 
lent choice to amplify signals from high source resistances when 
low amplifier noise contribution is desired. Additionally, the 
incidence of “popcorn” (burst) noise 2 is low in the CA3095E, 
a characteristic which further enhances its suitability for use in 
amplifying signals supplied from high-impedance sources. Figs. 6 
and 7 show typical data on I n and E n characteristics, 
respectively, as a function of frequency, for the super-beta 
transistors in the CA3095E. 

Because the operating current of the super-beta transistors 
in the CA3095E is adjustable over a wide range, the circuit 
designer can optimize the operating current for maximum 


Fig. 6 — Noise current l p as a function of frequency f for each super-beta 
cascode-amplifier transistor pair IQj - Qj and Q2 • Q4). 

signal-to-noise ratio at a particular frequency and source re- 
sistance. This adjustment is accomplished by selecting an 
operating point for which E n is approximately equal to 
>/7l n R s . For example, the optimum operating collector 
currents in the differential-cascode amplifier are about 5 micro- 
amperes when the amplifier is to be driven from two 300-kilohm 
source resistors. For operation from higher source resistances, 
the currents should be proportionately lower, and vice versa. 
Operating currents in the range from 0.1 to 1.0 milliampere 
are recommended when the amplifier is to be operated as a 
low-noise video amplifier. At these current levels, the gain- 
bandwidth product (fj) is increased significantly with respect 
to low collector current operation. 

ILLUSTRATIVE CIRCUIT APPLICATIONS 

Like other RCA transistor-array IC’s, the CA3095E offers 
the circuit designer a class of solid-state devices featuring 
matched electrical and thermal characteristics, compactness, 
ease of physical handling, economy, and versatility of use. The 




Fig. 8 — High-input-resistance, low-noise amplifier circuit. 

is typically about 750 microamperes at a supply voltage of 
12 volts, although the current in transistors Qj and Q2 is less 
than 5 microamperes. 

Low-Noise Video Amplifier 

The circuit shown in Fig. 9 illustrates the use of super-beta 
transistors in the input stage of a video amplifier. The circuit is 
capable of delivering 4 volts, peak-to-peak, of output signal with 
a typical gain of 33 dB across a bandwidth from dc to 10 MHz 
(3-dB point). In this application, each super-beta transistor is 
biased for operation at about 400 microamperes to achieve 
wideband operation. The super-beta transistor characteristics 
minimize the contributions to noise generated by noise current 
(I n ) in the input stage. The equivalent input-noise-voltage-vs- 
frequency characteristics for the entire amplifier circuit are 
shown in Fig. 10. Transistors Qi through Q4 are connected as an 
emitter-coupled pair of cascode amplifiers with a single-ended 
load resistor, R3, to drive a discrete transistor Q-PNP. This 
combination provides sufficient current gain to drive Q5, the 
voltage-gain-stage transistor, with load resistor Rg. Resistor 
R7 provides a path for dc and ac feedback around this stage. 
Transistor Qg is an emitter-follower output stage. The typical 
current drain of the amplifier is approximately 8 milliamperes 
at a total supply voltage of 10 volts. 


y I VOLTAGE I N 

-[ QI LIMITING! Q2 I- 

L. Inetwork*! A 


Fig.7 — Noise voltage E n as a function of frequency f for each super-beta 
cascode-amplifier transistor pair (Qj-Qjand Q2-Q4). 


CA3095E is an electronic “building block” which permits the 
designer to optimize performance of a particular circuit for 
gain, noise, power consumption, bandwidth, and/or other 
specific considerations. Some typical circuit applications of 
the CA3095E are described below. 

High- Input-Resistance Low-Noise Amplifier 

The CA3095E contains all the transistors necessary for the 
construction of a low-noise, feedback amplifier having. a high 
input resistance (Rjn — 20 Mft) and a 3-dB bandwidth of 
about 50 kHz. In the circuit shown in Fig. 8, voltage gain is 
provided by a cascade of two stages, the differential-cascode 
stage (Q 1 , Q3 - Q2, Q4) and the differential stage (Q7, Qg). 
Transistor Q$ is an interstage emitter-follower. The voltage 
gain of the amplifier (approximately 30 dB with the circuit 
values shown) is essentially established by the ratio of Rs to 
the parallel combination of R5 and R6. The Rg, C2 network, 
couples feedback around the entire amplifier. Capacitor C4 
provides stabilizing compensation. The output-voltage swing 
(E 0 ) is typically 3 volts, peak-to-peak. Typical noise-figure 
data are shown in Fig. 8. Power consumption of the amplifier 


*SEE FIG. 2 
01-08 ARE CONTAINED 
IN CA3099E 


Fig. 9 - Video amplifier. 
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Long-Delay Monostable Multivibrator 

Super-beta transistors are useful in the design of long- 
delay, monostable multivibrator circuits, as illustrated in the 
circuit of Fig. 1 1 . Basically, the circuit is a differential-cascode 
amplifier biased so that, in the quiescent state, the current 
path through transistors Qj and Q3 is cut off, and the path 
through transistors Q2 and Q4 is conductive. This arrangement 
is accomplished by biasing the base of transistor Q2 so that it 



Fig. 11 - Long-delay jnonostable-multivibrator circuit. 


is one step of V^ e (potential e-j = 0.6 V) above the base of 
transistor Qj , a condition established by the diode-connected 
transistor Q^ in shunt with the base of Q2. The timing cycle is 
initiated by the application of a negative-going trigger pulse at 
terminal 13, which is coupled to the base of Q2 through 
diode-connected transistor Q7. Q2 is cut off and the output 
voltage rises to essentially V+. Since Qi and Q2 are emitter- 
coupled, Qj is turned on by the trigger pulse, and the potential 
at terminal 10 drops rapidly; this drop pulls the left-side 
electrode of capacitor C toward ground. The right-side electrode 
of capacitor C is connected to the positive 5-volt supply 
terminal through resistor R; this connection permits the 
capacitor to be charged in the exponential characteristic of an 
RC network and, primarily, determines the delay time. 
Eventually, voltage ey rises sufficiently to again switch Q2 on 
(and Ql off) so that the output voltage drops to its quiescent 
level (approximately +1.8 V) to signify the end of the timing 
period. The trigger-voltage pulse should be at least -1 volt in 
amplitude to assure positive switching. 


capacitor is sufficiently large to toggle transistor Qj and Q3 
into conduction (and Q2 and Q4 into non-conduction). Tran- 



such as tape heads and magnetic phonograph cartridges. The 
circuits described below illustrate the simplicity with which 
super-beta transistor circuits using the CA3095E can be 
equalized to meet the requirements for NAB playback and 
RIAA phonograph-record reproduction. 

Unity-Gain Preamplifier. The circuit in Fig. 14 illustrates a 
unity-gain preamplifier using the transistors in the CA3095E to 
drive a CA741 op-amp. This circuit boosts the input im- 
pedance, Zjj, of the op-amp to the order of 20 megohms, 
typical. Transistors Qj - Q3 and Q2 • Q4 operate as a 
differential-cascode amplifier with transistor Qg as their 
constant-current source. Transistors and Q7 are diode- 
connected to establish dc levels which are appropriate for 
direct connection to the CA741 input terminals. No additional 
external compensation is required with this circuit because 
the unity voltage gain provided by the preamplifier precedes 
the internally compensated CA741 op-amp. The resultant 
offset voltage of the combination circuit is the algebraic sum 
of the offsets due to Qj, Q7 vs Q2. Q6, and the offset due to 
the CA741. The resultant offset can be nulled at the normal 
nulling terminals on the CA741. This circuit is ideal for 
amplification of signals emanating from sources with very 
high impedances. 



Low-Input-Bias Current Comparator 

The circuit shown in Fig. 12 employs the super-beta and 
conventional transistors in the CA3095E in a comparator 
circuit that requires an input signal of only 1.5 nanoamperes 
at threshold to produce toggling. The output of the circuit 
can interface directly with COS/MOS logic circuits. Transistor 
pairs Qj - Q3 and Q2 - Q4 are connected in the differential- 
cascode arrangement described above. Transistor Q6 is a 
programmable constant-current source (i.e., capable of being 
keyed, gated, clocked, etc.) for the differential-cascode pair. 
Transistors Qj and Qg are a differential pair used to provide 
sufficient gain for the control of the external discrete tran- 
sistor Q-PNP. The reference voltage for the comparator is 
applied at terminal 7; voltages in the range from 1.5 to 6.0 
volts are suitable for satisfactory circuit operation. 

Analog Timer for Long Delays 

The very low input-bias-current characteristic of the super- 
beta transistors in the CA3095E is very desirable in the design 
of an analog timer for long time delays; the circuit shown in 
Fig. 13 is illustrative, and functions in a manner quite similar 
to that of the circuit of Fig. 12. Time delay can be varied in 
accordance with the expression shown in Fig. 13. 

The timing cycle is initiated by momentarily closing the 
push-button switch to discharge timing capacitor C. At this 
instant, transistors Qj and Q3 are non-conductive and Q2 and 
Q4 are conductive; this arrangement prevents conduction in 
transistors Qg and Q-PNP. Consequently, the output is 
essentially zero volts. Timing capacitor C is charged ex- 
ponentially through resistor R until the voltage across the 


Fig. 13 — Analog timer for long delays. 


sistors Q7 and Qg are also switched so as to drive Q-PNP into 
conduction and produce a “high” output signal (approximately 
9.7 volts). With the values shown, the time delay can be varied 
over the range from about 90 to 725 seconds, depending on 
the setting of the 100-kilohm potentiometer. The leakage- 
current loading on timing capacitor C due to transistor Qj is 
quite small, and is only of second-order importance in de- 
termining timing accuracy. 

Super-Beta Transistors in Preamplifier Applications 

The wide operating-current range and circuit-connection 
flexibility available in the super-beta transistors contained in 
the CA3095E offer numerous advantages for applications in 
preamplifiers. For example, these transistors can be simply 
connected as a preamplifier for many of the common, 
economy-type op-amps (e.g., CA741, CA748) 3 The combi- 
nation of the CA3095E and one of these op-amps provides an 
op-amp with the superior input characteristics offered by some 
of the high-priced op-amps that use super-beta transistors in 
their input stages. The CA3095E in conjunction with “com- 
modity-class” op-amps can provide an over-all circuit ex- 
hibiting orders-of-magnitude improvement over the op-amp 
itself in terms of input impedance, noise, and the effects of 
error currents. Several circuit combinations of this type are 
described below. 

Mention has already been made of the low-noise per- 
formance which can be achieved with the super-beta tran- 
sistors in the CA3095E. This attribute is a requisite for pre- 
amplifiers operating with low-level signal outputs from sources 


High -Gain Preamplifier The circuit in Fig. 1 5 shows a high- 
gain preamplifier using the transistors in the CA3095E to 
drive a CA748 op-amp. Transistors Qj - Q3, and Q2 - Q4 oper- 
ate as a differential-cascode amplifier with transistor Qg as their 
constant-current source. Transistor Q7 is diode-connected to 
drop the dc common-mode voltage at the input of the CA741 
to within its linear operating range. 

This circuit boosts the input impedance, Zjj, of the op-amp 
to the order of 20 megohms, typical. It also can capitalize on 
the low-noise operational capability of the CA3095E, and 
reduces the noise (and offset-voltage) contributions of the 
CA748 by an increment equal to the gain of the preamplifier, 
typically about 28 dB with the circuit constants shown. In this 
case, external compensation of the CA748 may be necessary 
when the over-all op-amp is connected with feedback. 

The approximate value of the compensation capacitor re- 
quired can be computed by use of the following relationship: 


C c (in pF) = 


30 X the voltage gain of the preamp 

closed-loop voltage gain of the composite op-amp 


The circuits in Fig. 16 illustrate applications utilizing the 
superior input characteristics of super-beta op-amps. A circuit 
such as the one shown in Fig. 16(a) is useful in applications 
where input impedances in the order of 1'50 megohms are re- 
quired at frequencies up to 5 kHz. Since input bias currents 
are required to flow through 10-megohm resistors in this 
circuit, it is mandatory that the input stage exhibit both low 
bias current and very low input offset current. (The capacitive 
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Fig. 14 - Op-amp with unity gain preamplifier. 



» SEE FIG. 2 


Fig. 15 — Op-amp with high-gain preamplifier. 
reactance of the coupling capacitor C must be much lower than 
5 megohms to achieve the high-input-impedance characteristic 
described above.) The low-drift, long-time-constant integrator 
circuit shown in Fig. 1 6(b) is another excellent application for 
the CA3095E super-beta transistor array. Because exceedingly 
low input bias currents permit the use of a high-value inte- 
grating resistor, R, without introducing substantial error, long- 
time-constant integration can be accomplished. The low input- 
offset-voltage drift characteristic of the super-beta transistors 
also contributes to low-error performance. Further reductions 
in error effects, particularly with temperature variation, can be 
achieved by using a temperature compensated bias-current 
source (e.g., R1-R3, Dj). In the circuit of Fig. 15, such an 
arrangement could be implemented by using Qg in a diode 
connected fashion to serve as Dj. With such an arrangement, 
temperature-compensated bias current is applied to the in- 
verting input terminal. 

High-Input-Impedance DC-Voltmeter Circuit 

The combination of a preamplifier circuit using the 
CA3095E in conjunction with a CA748 op-amp as described 
above is adaptable to dc-voltmeter circuits requiring high input 
impedance, as illustrated by the circuit of Fig. 17. An ap- 
propriate resistor-divider network is provided to develop a dc 
input signal at terminal 9 of the CA3095E with transistors 
Ql ' Q3 an d Q2 • Q4 connected in the differential -cascode 



Fig. 16 - Typical super-beta op-amp applications: 

(a) piezoelectric transducer amplifier 

(b) low-drift, !ong-time<onstant integrator. 



•■SEE FIG. 2 


Fig. 17- Typical high-input-impedance dc-voltmeter circuit. 


arrangement. Biasing and dc feedback are applied at terminal 7 
of the CA3095E through a 10-megohm resistor. The CA748 
op-amp drives a 200-microampere meter calibrated in terms of 
the voltages to be measured. A full-scale reading occurs when 
the voltage applied to pin 9 is 500 millivolts dc. The entire cir- 
cuit is nulled with the 500-kilohm zero-adjustment potentio- 
meter. The total power-supply requirement is only 6 volts with 
a supply current of only 300 microamperes; this requirement 
can be met with batteries. The input impedance of this simple 
circuit is approximately 40 megohms on all scales. 

Preamplifier for Tape-Head Signals 

The exceptional low-noise characteristics of the CA3095E 
make it suitable for preamplifier service in professional-grade 
tape-playback systems. A typical circuit with equalization for 
NAB standards (7.5 in/s) is shown in Fig. 18. Transistors Qj 
and Q3 are cascode-connected as the input stage, and transistor 
Qg is connected as a common-emitter post-amplifier. Tran- 
sistors Q2 and Q4 are non-conductive because the emitter- 
base junction in Q2 and the base-collector junction in Q4 are 
shunted by external wiring. Equalization for the NAB tape- 
playback, frequency-response characteristics is provided by the 
Rl. Cj, C2 network connected in the ac feedback path; DC 
feedback stabilization is provided by the path through resistor 
R2. The amplifier has an over-all gain of about 37 db at 1 kHz, 
and can deliver output voltages in the order of 25 volts, peak- 
to-peak. The circuit configuration of Fig. 18 is preferred to the 
differential-amplifier configuration because it limits the input- 
noise contribution to that of a single transistor (e.g., Qj). 


Preamplifier for Signals from Magnetic-Phonograph Cartridges 

The exceptional low-noise characteristics of the CA3095E 
are also of great use in preamplifier service in equipment used 
to reproduce signals from magnetic phonograph cartridges. A 
typical circuit for this application with equalization for RIAA 



Fig. 18- Tape play back preamplifier equalized for 
NAB standards (7.5 in/s). 

playback standards is shown in Fig. 19. Transistors Qj and Q3 
are cascode-connected as the input stage, and transistor Qg is 
connected as a common-emitter post-amplifier. Transistor Q2 
and Q4 are non-conductive because the emitter-base junction 
in Q2 and the base-collector junction in Q4 are shunted by 
external wiring. Equalization for the RIAA phonograph- 
frequency-response characteristics is provided by the Rj, Cj 
network connected in the ac feedback path. DC feedback 
stabilization is provided by the path through resistor R2. The 
amplifier has an over-all gain of about 40 dB at 1 Hz, and can 
deliver output voltages in the order of 25 volts, peak-to-peak. 
The dynamic range of these circuits is typically about 95 dB 
with the gains indicated. 



Fig. 19 — Preamplifier equalized for RIAA standards applicable 
to magnetic phonograph catridges. 
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Application of the CA3126Q Chroma-Processing 1C Using 
Sample-and-Hold Circuit Techniques 


This Note* describes the CA3126Q monolithic integrated 
circuit intended for use in processing the chrominance signal 
in a color television receiver, in performing the functions of 
color subcarrier regeneration and chroma control, emphasis 
has been placed on utilizing all the information available in the 
signal so as to approach ultimate system performance capa- 
bility, while at the same time substantially reducing the 
number of external components and adjustments. 

As contrasted with prior state-of-the-art 1C designs, sample- 
and-hold techniques are used in the phase detectors for the 
AFPC and the ACC-killer loops of the CA3 1 26Q. The improved 
signal-to-dc unbalance attained thereby makes it possible to 
eliminate the adjustments conventionally used in those circuits. 
The only set-up adjustment is a trimmer capacitor to tune the 
crystal filter. 



'-AW-lh Ih 

AFPC ACC 

filter filt 

i ' X X • T 


Fig. 1- Components external to the CA3126Q. 

Two controls serve to adjust the chroma level: One control 
is automatic and functions as a supplementary ACC loop to 
prevent oversaturation under condition of improper trans- 
mitted burst-to-chrominance ratio, and under noisy-signal 
conditions. The second chroma level control is for manual 
adjustment of the saturation by the viewer. This control has a 
linear characteristic over the range of the chroma gain control. 

The CA3I26Q integrated circuit which performs these 
functions is housed in a 16-terminal package. The external 
components, shown in Fig. I , are relatively few and consist of 
integration capacitors for the servo loops and the Filter 
network in the VCO. Table I summarizes the performance of 
the circuit. 

Table I — Performance Data Typical Values 

Nom. Supply Supply Var. Temp. Var. 
Function V cc = 11.2V V CC ±2V AT = 50°C 

Oscillator Characteristic 


DC Loop Gain 40 Hz/d« 

Pull-in Range ±500 Hz 

Phase Error 

Noise Bandwidth f NN 100 Hz 

ACC and Killer Characteristic 
100% Input Level (Red Field) 0.25 V pp 
Nominal Output with 

Overload Detector 0.5 V pp 

Nominal Output without 

Overload Detector 2.7 V pp 

ACC-3 dB Point 20% E 


Diff. Phase Error Over 

Entire ACC Range 1 

Manual Control Characteristic 
Chroma Output Linearly 
Proportional to 
Control Bias 
Diff. Phase Shift with 

Bias Var. 2 


•| This Note, revised by Wayne Austin (RCA Solid State 
Division) was originally prepared by L. A. Harwood (Con- 
sumer Electronics Division) for publication in the IEEE 
TRANSACTIONS ON BROADCAST AND TV RECEIVERS, 
May 1973, Vol. BTR-19, No. 2. 


MAJOR FUNCTIONS 

The signal flow and organization of the CA3126Q are 
shown in block form in Fig. 2. The composite chroma signal is 
applied to the First chroma ampliFier. The output from this 
stage proceeds along three paths. The First path leads to the 
doubly-balanced wide-band AFPC detector. Here the burst 
signal is compared with the reference carrier to produce the 
required error signal for synchronization. Two sample-and-hold 
circuits serve to achieve high detection efFiciency and bias 
stability. One sample-and-hold circuit samples the detected 
signal during the horizontal keying interval and stores the peak 
error signal in a filter capacitor. A second similar circuit pro- 
vides an accurate reference potential as described later. The 
bias stability of this system is sufficient to eliminate the need 
for the adjustments required in conventional circuit design. 

The detected and Filtered burst signal controls the fre- 
quency and phase of a voltage-controlled oscillator (VCO) 
by operating on an electronic phase-shifter. The VCO consists 
of an amplifier-limiter followed by the electronic phase-shifter. 
A crystal filter located between the output of the phase- 
shifter and the input of the amplifier-limiter closes the loop 
of the VCO. The filtered oscillator signal is amplified to pro- 
duce the required reference carriers for the AFPC and ACC 
synchronous detectors. The required quadrature relation- 
ship is obtained by + m/4 and -n/4 radian integrated phase-shift 
networks. 


correspondence between the control bias and the chroma 
output signal. The chroma maximum level corresponds to the 
maximum bias potential without a dead spot at the extreme 
of the control range. A threshold type overload detector 
monitors the output signal and maintains the output from the 
second chroma amplifier below an arbitrarily set level. This 
prevents the overload of the picture tube usually experienced 
on noisy or excessively large chroma signals. The required 
keying signals for the various functions are generated by two 
cascaded keyer stages where either polarity pulses are generated. 

REGENERATION OF THE SUBCARRIER 

The regeneration of the subcarrier is performed in the cir- 
cuit shown in Fig. 3. This section consists of a synchronous 
phase detector, the sample-and-hold circuits, and a voltage- 
controlled oscillator. Several keying circuits serve to maintain 
the operation in proper time sequence. 

The Phase Detector 

The phase detector is formed by transistors Q 5 j , Q 52 and 
Q 5 to Qjq. The composite chroma signal amplified by the 
first chroma amplifier is applied to transistors Q 7 and Qg and 
the reference carrier is applied to transistors Q 9 and Q 52 . The 
product of the two signals is developed across the load 
resistor R 13 . Transistors Q 5 and Qg. triggered by a horizontal 
rate keyer circuit, operate on the phase detector so as to allow 



Fig. 2— Signal flow and organization of the CA3126Q. 


The ACC-killer detector is similar in structure to t{ie AFPC 
detector, and is also driven from the first chroma amplifier 
stage. It detects synchronously the in-phase component of 
Die burst signal and produces a pulse signal proportional in 
amplitude to the level of the burst signal. The resulting con- 
trol signal passes through a sampling circuit, as described 
above, and is applied to the killer and ACC amplifiers. The 
action of both amplifiers is delayed so that the unkill action 
takes place prior to ACC and the latter is fully activated upon 
reaching the predetermined burst level. The ACC amplifier 
controls the gain of the first chroma amplifier so as to main- 
tain the burst signal constant while the killer amplifier enables 
the output stage in the presence of the burst signal. 

The signal level to the second chroma amplifier is reduced 
to one fourth of the available signal level to allow for the ex- 
tremes of the chroma signal excursions. A horizontal rate 
keyer operating on this stage removes the burst signal so that 
the output stage is activated only during the horizontal 
scanning interval. A saturation control, available for front 
panel control, allows a continuous gain adjustment of this 
amplifier. A desirable feature of this control is the linear 


detection of the burst signal only. The current compensation 
of transistors Q 7 and Qg by the gating transistors Q 5 and 
and the absence of Filtering at the output of the detector 
results in transient-free switching of the phase detector. In the 
absence of chrominance, the potential across the load resistor 
R| 3 remains constant regardless of the keying. In the presence 
of the chrominance signal, the phase detector produces two 
time-spaced outputs: one during the horizontal scanning 
interval corresponding to the quiescent potential, the second 
during the horizontal keying interval representing the detected 
burst. Thus, the detected burst can be measured relative to the 
quiescent potential rather than to an arbitrary reference. This 
results ih excellent stability for temperature and supply 
variations. 

Sample-and-Hold Circuits 

As previously stated, the sample-and-hold circuits shown in 
Fig. 3 allow efficient utilization of the detected error signal 
and provide a reliable reference potential. During the sampling 
interval, the detected pulse signal available at the detector load 
resistor R j 3 is translated to the AFPC filter capacitor of ter- 
minal 2 via transistors Q 53 and Q 54 . Q 53 serves to isolate the 
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Fig. 4- The first chroma amplifier and the ACC servo loop. 


detector from the switching pulses generated in the sampling 
circuits. The sample-and-hold action is accomplished by con- 
trolling the conduction current in transistor Q54 thus alter- 
nating the charge path during those intervals. During the 
sampling interval, transistor Q54 conducts and its emitter 
exhibits a relatively low impedance in comparison with the 
value of the integrated charging resistor R^q. The detected or 


sampled signal is stored in the AFPC filter capacitor which, 
with Rio, determines the time constant during this time 
interval. During the hold period, transistor Q54 is off and the 
filter time constant is several orders of magnitude larger than 
previously. The discharge of the filter capacitor is reduced 
to very small base bias currents only and little of the stored 
information is lost. 


The “on” and “off condition of the transistor Q54 is 
determined by the state of the transistor-pair Q j j and Qjt. 
During the “on” (sampling) interval, a signal from the hori- 
zontal rate keyer disables transistor Qi | and the collector cur- 
rent of the transistor Qjt maintains the transistor Q54 in the 
“on” condition. During the “off” (hold) period, transistors 
Qj | and Q| 2 change their states and the.transistor Q54 is “off’. 

The bias sample-and-hold circuit, similar in structure to the 
above-described circuit, consists of the sampling switch Q59 
and the transistor-pair Qj7 and Qjg. This circuit, also acti- 
vated by a signal from a . horizontal rate keyer, samples the 
quiescent potential of the phase detector. The two signals, 
the error and the bias, processed by the sampling circuits, are 
stored in filter capacitors, and are applied to opposite terminals 
of a differential phase control. The phase control circuit syn- 
chronizes the reference carrier produced by the VCO. 

Depending on the free-running frequency of the VCO, the 
detected signal is in the form of positive or negative going 
pulse trains which are then stored in a filter capacitor. The 
sampling switch has equal drive capabilities for both polari- 
ties of the signal; a requirement of particular importance in the 
presence of noise signals. Non-linear operation of the detector 
and sampling circuit would produce a rectified dc component 
causing an erroneous detuning of the VCO. 

The VCO Loop 

The amplification and amplitude limiting of the oscillator 
signal takes place in the amplifier-limiter formed by the tran- 
sistor-pair Q50 and Q2 o- The output from Q20 is fed to the dc 
controlled phase-shifter and returns to the amplifier through a 
crystal filter. The amplifier operates in a non-inverting mode, 
hence, the total phase shift through the phase-shifter plus cry- 
stal filter must be ,a multiple of 2 n radians. The crystal filter 
is tuned to the subcarrier frequency and the filter band-width 
is determined by a resistor in series with the crystal. The DC 
controlled phase-shifter has a phase range of approximately 

± radians, and a phase change activated by a control signal 

results in a corresponding oscillator frequency change. 

In the phase-shifter, the oscillator signal available at the col- 
lector of Q20 is applied to the base of Q14 from which it pro- 
ceeds along two paths. An integrated capacitor C2 couples 
this signal from the emitter of Q]4 to the collector load of 
Q 1 5 and, at this point, the signal is phase-shifted by approxi- 
mately 7 t/ 4 radians. In the second path, the signal arriving at 
the collector of Q 1 5 passes through a current splitter formed 
by the transistor-pair Q56' Q 15. This signal is reduced to a level 
determined by the control voltage at the bases of transistors 
Q56 and Q15. At one extreme, transistor Q j 5 is OFF and the 
signal at the collector of Q 1 5 arrives through the capacitor C2 
only. Conversely, with transistor Q]5 ON, and Q55 OFF, the 
signal arriving through the transistor Q j 5 is phase-oriented so 
that the resultant signal has a phase of +3/4 rr radians. The 
phase-control is linear throughout most of the control range. 

A buffer amplifier is used to supply the CW carrier re- 
quired for the demodulators, and the carrier is available at 
terminal 8. Internally, the buffer amplifier supplies the two 
synchronous detectors. Two R-C phase-shifters fed from the 
buffer amplifier provide the required phase orientation. A low- 
pass R14-C3 filter shifts the carrier to the AFPC detector by 
— 7r/4 while a high-pass filter provides a +7r/4 oriented carrier 
for the ACC-killer detector. 


AMPLITUDE CONTROL OF THE CHROMINANCE SIGNAL 

Two cascaded amplifier stages serve to process the chroma 
signal and several signals are developed to control the gain of 
each stage. 

First Chroma Amplifier and ACC Servo Loop 

The first chroma amplifier, shown in Fig. 4, is controlled by 
the burst responsive ACC-killer detector only. The amplifier 
formed by the transistor-pair Q] , Q2 is driven single-ended by 
the applied composite chroma signal. The amplified output 
from this stage drives differentially the synchronous ACC- 
killer detector. The gain of the first amplifier is a function of 
the dc emitter current supplied by the constant current source 
Q3. This current source is biased to provide a nominal current 
and, hence, a nominal gain in the first amplifier stage. The bias 
of the current source is reduced in response to a detected burst 
signal and the gain of the first stage diminishes correspondingly. 
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The ACC-killer detector is similar in structure to the 
AFPC detector. However, the CW carrier applied to the de- 
tector is in phase with the burst signal. The detected burst 
signal is processed by a sampling circuit in the same manner as 
previously described in connection with the AFPC circuit. The 
signal sampling consists of the transistor follower Q73 and the 
keyed transistor-pair Q4Q,Q4i . Resistor R$3 serves to produce 
an intentional dc offset across the inputs of the differential 
pair Q43, 075. The detected ACC signal is unipolar with 
respect to the reference potential; thus, the dc offset extends 
the linear operating range of the amplifier Q43, Q76. The bias 
sampling circuit consisting of transistors Q79, Q44, Q45 applies 
the quiescent bias to the base of transistor Q75. In the absence 
of a burst signal, the dc offset maintains transistor Q43 in the 
OFF condition and the following p-n-p transistor, Q29. is also 
disabled. Thus, the ACC amplifier Q2g is non-conducting and 
the current source Q3 provides the maximum current to the 
input stage. 

The OFF state of transistor Q29 renders the killer amplifier 
(transistor Q27) inoperative, a condition required to disable 
the second chroma stage. 

Upon amplification of the burst signal in the first chroma 
amplifier, the detected burst signal increases proportionately 
to the amplitude of the input signal and combines differen- 
tially with the previously described bias signal in the collector 
load of transistor Q43. Prior to it, the detected and bias signals 
are smoothed by the ACC filter capacitors. The linear operation 
of the chroma amplifier, the detector, and the amplifier which 
follows the sampling circuits is maintained to a signal level 
sufficient to enable the transistor Q28. This potential, 
approximately 0.7 V, establishes the delay of the ACC charac- 
teristic as shown in Fig. 5 . The chroma (burst) signal at the 
output of the first stage remains essentially constant with 
further increase of the input signal. The increasing dc poten- 
tial at the collector of Q29 also activates the killer-amplifier 
Q27. In order to maintain a predictable killer threshold, this 
action is referenced to the delay point of the ACC. As 
previously stated, the ACC begins to function at a signal level 
at which the dc potential across resistor R47 reaches 0.7 V. 
The killer threshold is lower than that of the ACC action and 
is determined by the voltage drop across resistors R48 and R47. 
Thus, the two threshold signals are predictably established by 
the ratio R47/(R47 + R48). 



The Second Chroma Amplifier 

The operation of the second chroma amplifier is controlled 
simultaneously by several signals. As described previously, 
they are: a customer-operated chroma gain (saturation) control, 
the killer detector signal, the overload detector, and the keyer. 

The amplifier circuit shown in Fig. 6 is formed by the 
transistor-pair Qg5, Q24 and is driven differentially by the 
first chroma amplifier. The signal level to this stage is reduced 
by means of a resistive voltage divider. The amplifier Q65.Q24 
is interrupted during the horizontal keying interval by the 
transistor-pair Qgg, Q23 to remove the burst information from 
the composite signal. The gating transistors Q 55 and Q23 are 
connected so that their emitters and collectors are in parallel 
with the respective emitters and collectors of transistors Q^5 
and Q24. The resulting collector current compensation main- 
tains the quiescent output potential regardless of the keying 
operation. 

The gain of the second chroma amplifier is adjusted by 
varying the current in the transistor Q25. A resistive divider 
r 41» r 42 fed from a follower stage 057 provides the bias 
potential to the base of the transistor Q25 and the voltage drop 
across resistor R40 determines the current flowing from the 



Fig. 6- Chroma output stage. 


collector of Q25 to the emitters of Q65 and Q24. The diode 
D3 compensates the base to emitter potential of the transistor 
Q 25 - 

Since the bias resistors R40, 1 * 41 , a "d ^ 47 * and also the 
amplifier load resistor R43, are located on the same IC chip, 
the resistance ratio of these components is accurately con- 
trolled. Thus, the gain of the second chroma amplifier 
determined by these components is very predictable, and is a 
function of the bias potential applied to the base of transistor 
Q 67 only. 

The interfacing of IC’s with external control circuits usually 
presents problems due to the large tolerances associated with 
both components. The circuit used here overcomes these 
difficulties. The transistor follower Q$j exhibits negligible 
loading on the bias set by the manual chroma control. Thus, 
the gain of the second chroma amplifier is uniquely deter- 
mined by the rotation of the gain control potentiometer and is 
relatively independent of its resistance value. 

The killer operation is also performed on the second chroma 
amplifier. The amplified output from the ACC-killer detector 
is applied to the killer switch Q20- In the presence of a burst 
signal, transistor Q20 is off and the chroma amplifier remains 
undisturbed. In the absence of a burst signal, the collector cur- 
rent in Q20 reduces the potential on the base of the transistor 
Qg7 so as to cut off the second chroma amplifier. 

The Overload Detector 

The ACC and the manually operated saturation control 
provide the essential means to maintain the proper chromi- 
nance level to the picture tube. Under certain conditions, 
however, the presence of the ACC is detrimental. As pre- 
viously stated, the ACC servo loop maintains a constant out- 
put level of the burst signal regardless of the chroma informa- 
tion. Transmitter variations in burst-to-chroma ratios are im- 
properly corrected by the ACC action and, on signals with low 
burst-to-chroma ratios, the excessively amplified chroma can 
exceed the dynamic range of the picture tube. 


Similar overload problems are experienced when receiving 
weak signals. The Synchronous ACC detector produces a con- 
trol signal proportional to the average value of the burst inter- 
val signal, and noise does not contribute to the output. Al- 
though this type of noise-immune detection is necessary for 
reliable operation of the killer circuits, it is less desirable for 
the ACC action because the noise-peaks plus signal tend to pro- 
duce undesirable over- saturation effects. 

The overload detector operating on the second chroma 
stage eliminates both these overload problems. The chroma 
signal from the output terminal of the second chroma ampli- 
fier is coupled, by means of the coupling capacitor Cft, to over- 
load detector Q22- Transistor Q22 is biased by means of an 
internal bias supply to 0.5 V, and remains off until its base 
potential is raised to approximately 0.7 V. Thus, detection 
takes place whenever the chroma signal plus dc bias is equal to 
or exceeds 0.7 V. The detected and filtered signal lowers the 
bias potential on the base of transistor Q57 and reduces the 
gain of the output stage. 

KEYING CIRCUITS 

Details of the keying circuit and of the internal bias cir- 
cuits are shown in the complete diagram of the CA 3126 Q in 
Fig. 7 . A positive horizontal rate keying pulse applied to 
terminal 9 activates the keying circuit. This circuit maintains 
the AFPC and ACC detectors, with the corresponding sample- 
and-hold circuit, in the ON position during the keying interval, 
and disables the chroma output stage at the same time. 

CONCLUSION 

The new chroma processing circuit improves the per- 
formance of a color television receiver. The use of syn- 
chronous detection and sampling results in excellent signal 
stability and fewer external components and adjustments. An 
overload detector prevents over-saturation of the picture 
tube, and the improved manual control simplifies the adjust- 
ment of the chroma level. 
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RF BY PASS AFPC FILTER XTAL FILTER 



Fig. 7— Complete circuit diagram showing details of the keying circuit 
and internal bias circuits. 
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Application of the CA3089E FM-IF Subsystem 

by L. S. Baar 


The RCA-CA3089E, shown in Fig. 1, is an FM-IF 
subsystem intended for use in FM receiver applications. In 
addition to the amplifier-limiter and quadrature detector 
sections, the CA3089E provides such auxiliary functions as 
mute, AFC output, tuning-meter output, and delayed 
rf-AGC.' This Note briefly describes each circuit section 
and discusses practical aspects of designing with this device. 
Circuit Description 

The three-stage direct-coupled amplifier-limiter uses a 
cascode input stage to reduce input noise and provide better 
stability. The peak-to-peak swing of approximately 300 


approximately 8 volts over a temperature range of -40°C to 
+ 100°C while maintaining the performance of the device 
virtually unchanged. The typical curves in Figs. 3 through 7 
illustrate these characteristics. A reference voltage brought 
out to pin 10 may be used in conjunction with the AFC, if 
desired. 

Stability Considerations 

Because the CA3089E is a very high gain device, the 
external circuit must be laid out carefully to eliminate or 
reduce any feedback path.2 Fig. 8 shows a 10.7-MHz 



— 



— 




— 

















— 

— 

■recovered audio 

1 1 
























3-d 

B LIMIT 


1 





Fig. 3— Supply current, recovered audio, and input limiting as t 
function of supply voltage. 
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Fig. 4- Reference voltage. rf-AGC. and meter output as a function of 
supply voltage. 


Fig. 1- Schematic diagram of the CA3089E. 


millivolts is developed across the 390-ohm resistor, R31, at 
pin 8. The operating-point stability is provided by dc 
feedback to the input stage. The input voltage for an output 
3 dB below limiting is typically 1 2 microvolts rms. 

The detector is a doubly balanced circuit driven 
symmetrically by the output of the if amplifier. The voltage 
at pin 8 is coupled through a reactance to the tuned circuit at 
pin 9. The detector output is taken from both sides and 
combined differentially to produce an audio output and 
automatic-frequency-control voltage. The audio output may 
be attenuated by a current driving pin 5. The current is 

normally provided by the mute drive, which reduces the level 
by more than 50 dB. Fig. 2 shows the detector and 
audio-AFC translator circuits redrawn to illustrate the 
balanced circuitry. The audio output is developed across a 
5,000-ohm resistor, R49, Fig. 1 . The AFC output can be used 
either as a current or voltage source. 

The meter output and rf-AGC circuits are driven by three 
level detectors which detect the output levels of each of the 
if amplifier stages. The tuning-meter circuit sums these levels 
and provides a voltage which is a function of the input signal. 
The rf-AGC circuit is driven by the level detector connected 
to the output of the first amplifier stage, which provides the 
delay. The mute logic output is developed from the output 
of the third limiter. With a large signal, the if envelope is 
detected, and drives the mute logic voltage low. As the 
signal-to-noise ratio deteriorates, “holes” are created in the 
envelope; these “holes” are detected, and provide the voltage 
to drive pin 5. 

The bias supply maintains the device current drain 
virtually constant from a supply voltage of 16 volts to 


printed-circuit-board layout of the circuit in Fig. 9(a). The 
ground-plane layout was devised to prevent large rf currents 
at the output terminals from returning to the input grounds. 
Bypass-capacitor grounds also were selected to achieve the 
same purpose. It is recommended that bypass capacitors be 
placed on terminals of the auxiliary functions since most of 
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Fig. 5- Input limiting and recovered audio as a function of 
temperature. 


Fig. 2- Detector, audio, and AFC circuits. 

them are connected to rectifier circuits which are not 
completely filtered within the device. Capacitors of the disc 
ceramic type with a 0.01- to 0.02-microfarad value are 
usually good bypass capacitors at 10.7 MHz. Larger values 
may exhibit a self-resonance below 10.7 MHz, and actually 
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Fig. 7— Supply current and AFC voltage as a function of temperature. 


exhibit inductive reactance at their terminals. The nominal 
input impedance of the CA3089E is approximately 9,000 
ohms, and it is not recommended that an impedance match 
be attempted. Most commercial receivers use ceramic-filter 
frequency-selective elements that normally have source 
impedances of 500 ohms or less. When these filters are 
properly terminated with loading resistors, the typical source 
impedance is further decreased to 250 ohms or less. Higher 
levels of source impedance are possible with very careful 
circuit layout; however, the maintenance of stability could 
be difficult. 

The CA3089E has a frequency response that is typically 
flat to 20 MHz; consequently, the device can provide useful 
gain well above that frequency. If the device is used at lower 
frequencies, the larger-value bypass capacitors required may 
not be adequate to bypass the higher frequencies. Double 
bypassing with lower-value capacitors can overcome such a 
problem. Another means of alleviating the problem is to 
externally reduce the frequency response by using a small 
capacitance across the output load of the device. 



a) Bottom view of printed-circuit board. 



b) Component side - top view. 

Fig. 8.- CA30S9E and outboard components mounted on a 
printed circuit board. 


Quadrature- Detector Circuits 

The quadrature-detector tuned circuit is connected 
between pins 9 and 10. The signal voltage at pin 8 is 
normally coupled to pin 9 through a choke. The circuit 
values for the detector network are determined by several 
factors, the primary one being distortion at a particular level 
of recovered audio. Distortion is determined by the phase 
linearity of the quadrature network and is not influenced by 
the device unless excessive, recovered audio overdrives the 
audio circuit. With a single tuned network, the phase 


linearity improves as the bandwidth increases; however, 
recovered audio decreases. A satisfactory compromise for 
most FM-receiver applications is reflected in the circuit of 
Fig. 9(a). This circuit typically provides 400 millivolts rms of 
recovered audio with less than 0.5-percent distortion. 
Because a double-tuned circuit has better phase linearity over 
a wider bandwidth, distortion figures of less than 0. 1-percent 
are attainable with the network used in the circuit of Fig. 
9(b). Proper alignment and coupling adjustment of the 
double-tuned circuit are most easily accomplished while 
viewing the resulting S curve. Initial adjustment of the 
primary tuning slug to the proper crossover is made with the 
secondary slug removed. The secondary tuning slug is then 
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Fig. 9- (a) Test circuit for the CA3089E using a single-tuned detector 
coil, (b) test circuit for the CA3089E using a double-tuned 
detector coil. 

adjusted until a slight “ripple” is observed moving along the 
S curve. If the ripple is excessive (enough to distort the S 
curve) the coupling is too tight. If no ripple is observed, the 
coupling is too loose. As the ripple moves through the 
crossover point, it will be observed that the S curve becomes 
more linear near the center frequency. Slight readjustment of 
both slugs may be necessary for final alignment. The best 
performance can then be achieved by slight adjustment while 


measuring distortion. The coupling may be varied by either 
moving the coils or by changing the value of the secondary 
load resistor. 

Various circuit values can be used to obtain the same 
recovered audio, but the basic conditions of circuit 
bandwidth and phase linearity must be maintained. The 
detector circuit also sets up conditions which are required for 
proper operation of the mute circuit. The rf voltage on pin 9 
must be held at approximately 175 millivolts rms, ±25 
millivolts. The reason for this requirement is discussed 
subsequently in connection with the mute logic circuit. The 
approximate voltage at pin 9 is determined from the 
equivalent circuit shown in Fig. 10. 

The peak-to-peak voltage on pin 9 is: 

I V 9 | Ss| V 8 I — 

o^ch 

where R1 is the total parallel resistance and V8 is 
approximately 300 millivolts, peak-topeak. 

The Q of the tuned circuit between pins 9 and 10 may be 
affected by the effective Q of the choke between pins 8 and 
9 and the series resistor R31 in the CA3089E. All of the 
above factors should be considered in selecting circuit values. 
Table I lists some typical combinations of component values 
under various conditions. 

A choke is normally selected to equalize delays in the 
signal path and in the limiter-quadrature path. It also 
reduces the if harmonic content across the quadrature 
circuit. In some cases, such as in narrow-band applications, it 
may become necessary to use a capacitor as the coupling 
component where large values of inductance with high Q’s 
are difficult to obtain. If a capacitor is used, the phase of the 
recovered audio and AFC voltage will be reversed, some 
asymmetry of the S curve may result, and the distortion may 
be adversely affected to a small degree. 

As indicated above, the inductance between pins 8 and 9 
tends to equalize delays in the detector signal paths. The 
matching of elements of the IC in the balanced detector 
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Fig. 10-Equivalent circuit used to determine approximate voltage on 
pin 9 of the CA3089E in Fig. 9. 

circuit results in an AFC output with a very small offset 
when referred to the voltage at pin 10. For most 
applications, the inherent offset variation is well within 
tolerances, and does not affect circuit performance. In some 
narrow-band applications, however, the offset becomes more 
critical because of the very narrow bandwidth. In such 
situations, the combination of normal production variations 
of the device and the external circuit components results in 
receiver detuning when the AFC loop is closed. This detuning 
results in an increased distortion of the recovered audio. This 
distortion can be corrected with the addition of a variable 
capacitor from pin 8 to ground to provide phase 
compensation. The capacitor can be adjusted to provide zero 
AFC offset with minimum distortion. Generally, the offset is 
in one direction for a given set of conditions. The addition of 
a fixed capacitor will minimize variations sufficiently to 
satisfy many applications. A value of 5 picofarads is an 
effective value for the circuit of Fig. 9(a) with the 
recommended PC-board layout. Conversely, the offset 
created by using a capacitor between pins 8 and 9, as 
mentioned earlier, may be compensated by placing an 
inductance between pins 8 and 10. 

Audio and AFC Circuits 

The audio and AFC circuits are very similar, and both 
develop the same audio signal at their respective output 
terminals. The audio output voltage on pin 6 is developed 
across an internal, nominal, 5,000-ohm resistor (R49) 
connected to the 5.6-volt reference. In addition, the audio 
signal level can be attenuated by providing a direct current 
into pin 5 without any shift in its dc level. The audio output, 
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TABLE I - FIG. 10 COMPONENT VALUES AND CHARACTERISTICS AS A FUNCTION OF FREQUENCY 


Freq. 

(Hz) 

Li 

<H) 

QL, 

Ci 

(pF) 

Rl 

(ohms) 

X (pin 8 to pin 9) 

Deviation 

(kHz) 

Recovered Audio 
(mV) 

10.7M 

2.2/1 

75 

100 

3900 

22, UH 

±75 

400 

10.7M 

2.2/1 

120 

100 


120/lH 

±5 

280 

10.7M 

2.2 H 

120 

100 


1.3pF 

±5 

290 

455k 

0.1m 

65 

1000 

68k 

1 mH 

±5 

400 


as shown in Fig. 11, is uniform to a frequency of more than 
1 MHz when measured in the circuit shown. 

The AFC output at pin 7 is a current source and, if 
terminated with 5,000 ohms, will provide an audio output 
identical to that at pin 6. The AFC output may be referenced 
to a wide range of voltages, from near ground potential to 
near supply voltage. However, because of the balanced circuit 
configuration, the best AFC sensitivity and offset will occur 
at, or near, the 5.6-volt internal reference. An AFC voltage 
developed across a load tied back to pin 10 is recommended. 
As a consequence of this connection, variations in the AFC 
voltage as a function of operating voltage and temperature 
are minimized because the voltage on pin 7 tends to follow 
changes in the reference voltage. 



Fig. 1 1 -Audio response at pin 6. 


are suggested ones, and may be altered to suit the user. Curve 
A in Fig. 12 shows the change in audio output level as a 
function of input signal with the mute-threshold control 
circuit (also shown in Fig. 12) at its maximum-voltage 
setting. Because of the more shallow slope and the larger 
circuit time constant involved, a "soft” mute action results. 



Fig. 12- Mute curves. 

Curves B and C illustrate the change in the curves resulting 
from adjustment of the values of the threshold control 
circuit. These latter circuits provide a faster acting mute. The 
fixed resistor, Rl, in addition to controlling the slope of the 
mute characteristic, limits the voltage appearing at pin 5. The 
use of this resistor is recommended to prevent a latch-up at 
the attenuating circuit, which, if it occurs, maintains the 
circuit in muted condition until the supply voltage is 
removed. 


but also harmonics developed when successive stages go into 
limiting and eventually form a square wave. The result is a 
logarithmic dc output as a function of input signal, as shown 
by the curve in Fig. 13. The circuit developing the delayed 
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Fig 13- Tuner AGC and tuning-meter output as a function of input 
signal voltage. 

rf-AGC voltage is driven by the level detector connected to 
the first if stage. As a result, no output is detected until the 
input signal is large enough to drive the peak detector; the 
result is a delayed AGC action. The curve of rf-AGC voltage 
as a function of input signal is also shown in Fig. 13. 

I F Amplifier/Detector System and Stereo Decoder 

Fig. 14 shows the circuit diagram of a complete FM-if 
detector system driving a stereo decoder. Using the 
selectivity of two ceramic filters, the CA3089E in 
conjunction with the CA3090AQ stereo decoder provides the 
basic signal processing between the tuner output and the 
audio amplifiers. The gain of the silicon n-p-n 
bipolar-transistor stage is adjusted to make up the losses of 
the two filters. In addition to driving a tuning meter, the 
voltage at pin 13 of the CA3089E may be used to drive a 
"stereo defeat” circuit in the CA3090AQ, thereby holding 
the decoder in a monaural condition to improve the 
signal-to-noise ratio under weak signal conditions. A 
suggested PC-board pattern and parts layout are shown in 
Fig. 15. 


Mute Circuit 

The signal to the mute logic circuit is taken from the 
emitter follower connected to pin 9. This signal drives a peak 
detector followed by an inverter such that the mute logic 
developed is zero volts with an input signal level sufficient to 
develop a fully limited output signal. As the input signal level 
is reduced below limiting, noise becomes significant, and 
creates “holes” in the if envelope. The detected drive voltage 
decreases and causes the mute logic voltage at pin 12 to 
increase. This voltage, in turn, is fed to pin 5 to provide the 
current to attenuate the audio. If the if level at pin 9 is too 
high, the “holes” created by the noise are insufficient to 
drive the mute logic voltage high enough to attenuate the 
audio. If the pin 9 voltage is too low, the mute drive voltage 
never reaches zero, and the external mute-threshold control 
behaves like a volume control. It is for this reason that the 
mute logic circuit requirements influence the selection of 
detector circuit values. 

Another condition affecting proper mute performance is 
excessive gain in the tuner or preceding if stages. High gain 
ahead of the CA3089E under a condition of low 
signal-to-noise ratio results in the noise being clipped by the 
limiting amplifiers. The dipping has the effect of reducing 
the number of “holes” in the if envelope, and limits the mute 
drive voltage at pin 12 to values insufficient to attenuate the 
audio. If high gain is a system requirement, an externally 
derived mute logic voltage is necessary to drive pin 5. 

The external circuit on pin 12 in Fig. 9(a) serves to filter 
the output, and provides a variable potential for 
mute-threshold adjustment. The 470-ohm resistor in series 
with pin 12 reduces the effective Q of the filter capacitor and 
prevents the circuit from setting up on noise current 
transients as the mute circuit begins to function. The voltage 
divider, composed of the 500 kilohm potentiometer and 120 
kilohm resistor, controls the threshold point. These values 


The curves in Fig. 12 show that the muting action cannot 
be initiated under any condition until some noise is present 
in the output signal. In this respect, the mute performance of 
the CA3089E differs from that of some other systems which 
are activated by signal level. Such systems can be adjusted to 
allow noise-free signals to be processed further. When the 
CA3089E circuit operates under small-signal conditions, 
noise may be audible before muting action occurs. The 
threshold-level adjustment only permits more or less noise to 
appear at the output; a listener can use the control to adjust 
the interstation hiss to the level of his preference. 

Tuning Meter and RF-AGC Circuit 

The tuning-meter circuit sums the output of three peak 
detectors connected to successive stages of the if 
amplifier-limiter. These circuits detect not only the carrier, 


Operation at Frequencies Other Than 10.7 MHz 

Because the CA3089E was designed for use in FM 
broadcast receivers, its circuits are optimized for use at 10.7 
MHz. Nevertheless, the device performs equally well over a 
wide range of frequencies both above and below 10.7 MHz. 
The if amplifier response is essentially flat from dc to more 
than 20 MHz. The operation of the detector circuit is 
dependent only on the external components. The operation 
of the auxiliary sections-rf-AGC, meter output, and mute 
logic — depend on internal peak detectors, and, as a 
consequence, their performance at lower frequencies is 
limited. The internal capacitors were optimized for 10.7 MHz 
operation, and are too small to operate effectively at lower 
frequencies. The detector efficiencies begin to deteriorate at 
about 2 MHz, and the detectors are essentially unusable at 
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455 kHz without the use of external circuitry. The rf-AGC 
and mute logic circuits do not develop sufficient dc voltage 



Fig. IS— Suggested PC-board pattern and parts layout for the circuit 
of Fig. 14. 


to perform their functions, and the meter output signal loses 
its logarithmic characteristic and exhibits peaks and valleys as 
input signal is increased. Operation of the rf-AGC and mute 
logic circuits may be enhanced by the addition of a dc 
amplifier and inverter to each circuit. A simple example using 
a CA3096E IC transistor array is shown in Fig. 16.^ 

The CA3089E may be used effectively in narrow-band 
communication receivers. In double-conversion receivers, 
some of the functions of the CA3089E are negated at a 
455-kHz intermediate frequency. However, if a 10.7-MHz 
intermediate frequency is used, all of the auxiliary features 



Fig. 16— External mute and rf-AGC drive circuits for the CA3089E 
operating at 455 kHz. External transistors are parts of the 
CA3096E n-p-n/p-n-p transistor array. 


may be used, but another set of problems is encountered. 
The small deviation signals encountered in narrow-band 
systems require the use of high-Q circuits in the quadrature 
detector, as indicated in Table I. However, variations in 
external-component parameters with temperature changes 
may cause the tuned frequency of the detector to drift out 
of the if pass band. Normally temperature-compensated 
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components are necessary. The CA3089E, operating in 
conjunction with an inexpensive operational 
transconductance amplifier,' ^.5 provides means of locking the 
tuned circuit to the incoming frequency. Fig. 17 shows the 
block diagram of such a system. The AFC output voltage 
developed across the resistor between pins 7 and 10 is 
amplified by the op-amp and drives a varactor to maintain 
the tuned frequency on the incoming-signal frequency. 


distortion at pin 6. This feedback technique results in a very 
low distortion modulation. The rf output of the CA3089E at 
pin 8 is essentially a square wave, and is fed to a 
tuned-amplifier stage to buffer the signal and restore the 
sine-wave-shaped rf output signal. 



Fig. 17- Detector frequency-stabilization circuit. 


The CA3089E may also be used as the core of an 
ultra-linear FM generator; Fig. 18 shows the circuit. The 
carrier is generated by the CA3089E with the introduction of 
feedback from the output terminal, pin 8. The carrier is 
modulated by the varactor connected across the tuned circuit 
at the input of the CA3089E. The varactor is driven by the 
output of the differential amplifier, Al, using a CA3028 
IC.6J This differential-amplifier stage is driven at one of its 
input terminals by the audio modulating signal. Negative 
feedback of the audio signal is provided by driving the other 
differential-amplifier input from the recovered audio output 
of the CA3089E at pin 6. The detector circuit uses a 
double-tuned transformer to produce audio with very little 
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A Single 1C for the Complete PIX-IF-System in TV Receivers 


The R('A-('A3()(>8 linear integrated circuit is a PIX-I [-'-sub- 
system in a shielded, quad-formed, dual-in-line. 20-lead, plastic 
package. This package contains all the active devices and most of 
the passive elements necessary for a high performance. 
PIX-if-system for a TV receiver. This Note* describes the re- 
ceiver functions performed by the (’A3Q68. and its application 
to color and monochrome T.V receivers. 

Specifically, the receiver functions performed by the 
CA3068 are: 

Video if amplification 
Linear video detection 

Noise-limited amplification of detected video 
Keyed age. with noise-immunity circuits 
AGC delay for tuner rf stage 

Buffered output signal to drive Aulonuitic-Fine-T tilling 
(AFT) circuits 

Amplification of intercarrier frequencies 
Sound-carrier detection 
Sound-carrier amplification 
Zener reference diode for voltage regulation. 

The only external components required for the operation of 
this if subsystem are bandwidth shaping networks, biasing net- 
works, and a power supply. A functional block diagram of the 
signal portion of a typical color-TV receiver is shown in Fig. I. 
A detailed block diagram of the CA3068. together with its 
peripheral tuned-circuits, is provided in Fig. 2. 

This Note contains a detailed description of circuit functions 
within the integrated circuit, together with examples of the use 
of the CA3068 in PIX-IF amplifier P('-boards for color and 
monochrome TV. 


path from terminal 4 to terminal 6 through the input circuitry, 
as shown in Fig. 2. The developed age is gated by a keying pulse 
applied to terminal 3from the horizontal sweep circuit of the TV 
receiver. Delayed age for the rf amplifier in the tuner is obtained 
from terminal 7; the delay is variable by adjustment of a resist- 
ance (25 kilohms) in series with the supply to terminal 8. 

The zener reference voltage for the power-supply regulating 
pass-transistor is developed at terminal 18 when this terminal is 
connected to a voltage supply through a current-limiting 
resistor. This resistor value should be selected to provide a 
quiescent current into the zener of 0.5 to 1 .5 milliamperes (ex- 
cluding the base current for the pass transistor). 

Terminal 15 is the dc input terminal that provides power for 
most of the CA3068 and should be connected to the 1 1 .2-volt 
regulated supply as shown in Fig. 2. The CA3068 package has a 
20-lead configuration with 18 active terminals. Terminals 11 
and 20 have been omitted from the package; their corresponding 
leads are internally connected to the shield. Terminals 1,5, and 
10 are grounding terminals. In addition, terminal 17 isat ground 
potential. Additional information relative to dc grounding is 
given in the section concerning if design. 

DETAILED CIRCUIT FUNCTIONS 

Fig. 3 is a schematic diagram of the CA3068. The diagram is 
partitioned to facilitate the explanation of the circuit con- 
figuration and its functions. 

The cascode input amplifier (first if) is a unique circuit 
designed for dual-mode operation. At low-level input signals, the 
buffer stages formed by Q3 and Q4 drive the base of the cas- 
code-if amplifier composed of Q7 and Q6. Negative-going age 
applied to Q3 (through an external connection to terminal 6) 
increases in proportion to the increase of the input signal level. 
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Fig. 1. Block diagram of typical color-TV signal circuits using theCA3068. 


GENERAL DESCRIPTION OF CIRCUIT 
FUNCTIONS IN THE CA3068 

As shown in the block diagram of Fig. 2. the if signal from 
the tuner is applied to the input (terminal 6) of the cascode if 
amplifier. Output from the cascode amplifier is then coupled to 
a wideband amplifier at terminal 1 3 through the interstage trans- 
former (T2). Under maximum-gain conditions, the over-all gain 
of the CA3068 is typically 75 dB at P1X-1F frequencies. This 
signal is then applied to a linear video detector whose output 
signal is fed to a video amplifier having a gain of 1 2 dB. 

Bandpass shaping is accomplished by means of tuned-circuits 
preceding the input stage (terminal 6) and at the interstage 
circuit comprising input and output terminations via termi- 
nals 9, 12 and 13, as shown in Fig. 2. Terminal 16 is tied in at 
this point to provide loop bias for the input stages of the ampli- 
fiers connected to terminals 12 and 13. The age voltage develop- 
ed within the CA3068 is applied to its input stage by an external 


After approximately 40 dB of gain reduction is reached in this 
operational mode, Q7 is cut off, and its function is assumed by 
Q5. Emitter degeneration in Q5 increases the dynamic input 
range of the cascode amplifier sufficiently to cope with the 
higher range of input signal level. The point at which Q5 assumes 
the input amplifier function is sensed by Ql 1 . It should be un- 
derstood that transistors Ql 1 , Q4, and Q7 approach cut-off at 
essentially the same signal level. As Ql 1 approaches cut-off, it 
draws less shunting current from terminal 8, and base current 
drive to Q8 is increased. The point at which sufficient base 
current is available to drive Q8 into conduction is determined by 
an external-delay age potentiometer connected in series with the 
V+ supply-lead and terminal 8. As Ql I euts-off, the voltage 
increases at terminal 8, and current flowing into terminal 8 is 
diverted to the base of Q8. When Q8 starts to conduct, it turns 
onQ9and Q 10, thereby causing the open-circuit voltage at termi- 
nal 7 to drop and produce a negative-going age voltage for the rf 
stage of the tuner. Q8 is also part of the if-age feedback loop, 


*This Note, revised by Maurice Cuputo (Solid State Division), was orginally prepared by S. Reich and R. T. Peterson. 


and provides an increase in age loop-gain. This increase compen- 
sates for the decrease in age loop-gain that occurs when the 
cascode if amplifier is transitioned to its modified cut-off 
characteristic. After tuner gain reduction has reached its 
maximum, an additional 10 dB of gain reduction can be ob- 
tained in the cascode-amplifier under this modified cut-off 
condition. 

This reverse-age system is used for the cascode input stages 
because the stability achieved under maximum-gain conditions 
is maintained throughout the range of age functioning. 

The wideband if amplifier consists of transistors Q 1 2, Q13, 
Q 1 4 and Q 1 5 . Q 1 2 serves as a buffer stage between the interstage 
tuned-circuits and the automatic-fine-tuning (AFT) output- 
signal terminal. The actual if signal amplification takes place in 
Q13, QI4 and Q15, which effectively serve the function of 
second and third PIX-IF stages. Transistor Q15 is the driving 
source to Q17, the video detector. This driving source 
impedance is approximately 500 ohms as a result of the 
degenerative feedback loop through Q16. The feedback net- 
work also extends the 3-dB-down frequency response to 
beyond 70 MHz. It is this low detector-driving-point impedance 
and the absence of a tuned-circuit at this interstage point that 
contribute to the superior performance of the detector system. 
In most conventional detection systems, the detector is driven 
from a high-impedance source involving a double-tuned inter- 
stage transformer with unequal primary and secondary Q's. In 
such a system, variations in detector impedance (caused by 
normal video excursions) can produce significant phase shifts 
that adversely affect color fidelity. In the CA3068, the untuned, 
low-impedance detector drive circuit produces a nearly opti- 
mum condition for the detector circuit. 

The detector circuit consists of transistor Ql 7 and its biasing 
network Q18.Q 19 and R20. Ql 8 is biased to the same potentials 
as Q 1 7 because the bases are tied together through the resistance 
element of the low -pass filter that consists of R19 and C3. R20 
and C4 form a conventional peak detector in which the time 
constants are selected for optimum detector efficiency and 
desired video bandwidth. This system detects chroma subcarrier 
without introducing differential phase errors as a function of 
the video signal, and detects the video signals with a minimum of 
amplitude distortion. The low signal-level requirements for the 
detector, the absence of tuned-circuits in the detector drive 
circuit, and the low source impedance for the detector, all con- 
tribute to the superior detector performance. 

The video detector is direct-coupled to the video amplifier. 
Consequently, a dc input voltage above the level of one Vjj e 
(0.7 volt) drop at the input to Q23 determines the condition 
for white level (dc) at the output (terminal 19). It is necessary, 
therefore, to bias Q23 to the threshold of conduction in the 
absence of detected video. This function is accomplished by the 
differential-amplifier circuit arrangement consisting of transist- 
ors Q20 and Q21. In the absence of signal, the dc potentials at 
the emitters of Q20 and Q21 are identical. The current through 
Q20 must equal the current through Q21 because R25 is similar 
in value to (R27 + R28). This current also flows through D3 
(which has the same geometry as Q22). Consequently, Q22 
carries all the current supplied by Q20, and no current is avail- 
able for the base of Q23, so that Q23 is held on the edge of 
conduction.When an rf carrier is present, the current in Q20 in- 
creases in direct proportion to the carrier level; however, the 
current in Q2 1 remains fixed. When the current increases in Q20, 
this increase can only flow to the base of Q23 . Since the current 
in Q23 is directly proportional to its base current flow, a corres- 
ponding increase in current through Q20 as a result of rf carrier 
detection produces a video output at terminal 19. 

As the video carrier signal increases, the dc level at the base of 
Q23 increases, and there is an accompanying decrease in the dc 
level at the base of Q25 and, consequently, at terminal 19. With 
a sufficiently strong rf signal, the current through Q23 and R29 
increases such that the base voltage of Q25 is driven toward dc 
ground. The “bottoming” level at terminal 19 under nominal 
signal conditions is locked to about 0.8-volt as a result of the 
high loop gain of the age system. Any further increase in the 
signal, after “bottoming” is reached, will be clipped. This oper- 
ational feature serves as a highly effective mechanism to limit 
impulse noise. 

When a signal is present at the input, the composite video 
signal at the base of Q25 appears at terminal 19 through the 
Darlington connection to the emitter of Q26. The sync tips in 
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TYPICAL 
INTERSTAGE 
BANDPASS CIRCUIT 



Fig. 2. Detailed block diagram of the CA3068 together with its peripheral tuned circuits. 



Fig. 3. Schematic diagram of the CA3068. 


this composite waveform drive the keyed age amplifier Q27, 
which in turn drives Q28. Without a video rf signal there is no 
video signal output, and Q27 conducts during the keying inter- 
vals (the horizontal pulse is connected to terminal 3). As the 
detected signal level increases in amplitude and the output 
voltage at terminal 19 approaches its typical operational level of 
7 volts peak-to-peak, the peak potential at the base of Q27 
begins to fall below 0.8 volt. Under these conditions, the keying 
current formerly channeled through Q27 is diverted through 
diode D4. As the signal level rises even higher, a greater portion 
of the Q27 collector current is diverted through D4, and the base 
current to Q28 is proportionately increased. A 10-microfarad 
capacitor is normally connected between terminal and ground 
and is, by this connection, put in shunt with Q28. The charge on 
this external capacitor is maintained through a bleeder resistor 
to V+. As the base current to Q28 increases, Q28 discharges the 
capacitor at a rate that is proportional to the base current of 
Q28. Integration of the total charge on the capacitor over the 
keying interval yields a dc level (age voltage) that is inversely 
proportional to the incoming signal level; i.e., age voltage 
approaches zero as the signal increases. 

Any high-performance age system must have noise-immunity 
characteristics in order to avoid the establishment of false age 
levels. AGC voltage developed from random noise can produce 
“wash-out”, “blank raster” and/or a momentary “loss of sync”. 
The CA3068 is designed with an improved noise-immunity 
circuit that essentially removes the keying current during 
periods of high noise input. The active devices responsible for 
providing protection against this deleterious effect of the im- 
pulse noise are the “noise detector”, Q29, and the “noise clamp” 
Q3 1 , which is driven by Q30. Impulse noise is channeled through 
the high-pass filter network consisting of CIO and R36 to the 
detector input Q29. Q29 and Cl 1 comprise a conventional peak 
detector. The dc level across Cl 1 , which is proportional to the 
level of impulse noise, turn on Q30 and Q31 , thereby clamping 
the keying supply voltage (terminal 3) to ground. In actual oper- 
ation, the terminal-3 supply has a series resistance that is large 
enough to limit the peak current into the zener diode (Z5) to 
approximately 0.8 milliampere. When Q31 conducts.it shunts 
this current to ground. 

The sound-if-channel and PIX-IF-channel signals whose 
“carrier” frequencies are 41.25 MHz and 45.75 MHz, respec- 
tively, are applied to terminal 12. Q32 functions as a buffer 
between the interstage-tuned-circuits associated with ter- 
minal 12 and the PIX/sound-channels amplifier, Q33. The inter- 
carrier frequency (the difference frequency between the PIX 
and sound “carrier” frequencies) is detected by the peak de- 
tector Q34 and Cl 2. The resultant 4.5 MHz FM sound-inter- 
carrier signal is fed to transistor Q35. This transistor and Q36 
form a differential pair that provides an amplified intercarrier 
sound-if signal to the base of Q37. A feedback system through 
the RC networks in the Darlington emitter-follower output of 
Q37 provides bandpass shaping in the region of 4.5 MHz while 
maintaining a low dc gain. The low levei of dc gain is desirable 
because the circuit receives its bias in an open-loop manner from 
terminal 16. The bandpass of this amplifier system is fairly 
broad, and even though it is optimized for 4.5 MHz operation, 
there is relatively high output at other intercarrier frequencies, 
as shown in the curve in Fig. 4. 



Fig. 4. Relative sound-carrier output as a function of frequency. 

The internal zener reference-diode consists of the series diode 
arrangement shown connected between terminal 1 8 and the sub- 
strate in Fig. 3. A regulator-circuit configuration showing the 
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pass transistor interconnected with the reference diode is given 
as part of the color and monochrome if amplifier circuits that 
are discussed in the following paragraphs. Similarly, the regula- 
tion curves shown in Figs. 5 (a) and 5 (b) are discussed below in 
more detail. It should be noted that (with a heat sink for the 
2N3053 and a lower value for the resistor in series with the 
collector) the regulated voltage from this supply may be used to 
provide power to other circuits in addition to the CA3068. 

The distribution of tuned circuits around the CA3068 ampli- 
fier circuit is a matter of preference of the circuit designer. In 
general, a total of five tuned circuits will“be required subsequent 
to the mixer for proper selectivity and bandpass shaping. In 
addition, at least one 47.25 MHz adjacent sound-channel and 
one 41 .25 MHz sound-channel trap will be required. The systems 
to be discussed in this Note are designed to be driven from a 
single tuned circuit connected to the mixer output. In addition, 
both the color and monochrome if systems described subse- 
quently utilize tuned circuits at the input and output to the 
cascode amplifier. The second transformer is used to couple 
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Fig. 5. Regulated supply of the CA3068: (a) voltage-ver- 
sus-current for zener reference diode of CA3068; 
( b ) vo Itage-versus-current for regulated supply of 
CA3068. 


output from the cascode if amplifier to the wideband if 
amplifier (i.e., the output from terminal 9 to input terminal 13 
for the PIX-channel and input terminal 1 2 for the sound-chan- 
nel). All of the if transformers are synchronously tuned. 

PIX-IF SYSTEM DESIGNS 

The use of the CA3068 in the two major categories of 
PIX-IF application, PIX-IF for color-TV receivers and PIX-IF 
for monochrome receivers, is described below. To illustrate the 
use of the CA3068 in a tuner requiring “reverse” age action, the 
rf-stage of the tuner employed in the PIX-IF for color-TV re- 
ceiver contains a MOSFET. In contrast, the rf-stage of the tuner 
employed in the PIX-IF for the monochrome receiver makes 
use of a bipolar transistor in a “forward” age arrangement. 


COLOR TV 


A block diagram of a color-TV receiver is shown in Fig. 1 . In 
the design to be described, the input to the if system is intended 
to be coupled through a 50-ohm cable from the TV mixer; the 
mixer employs a single tuned-output coil having an impedance 
transformed down to 50 ohms. The if input circuit drives a 
cascode if amplifier with a gain capability of 35 dB. The input 
impedance to the cascode if amplifier is greater than 
4000-ohms at minimum signal levels and increases with age 
action. The source impedance as seen by the CA3068 should be 
approximately 500 ohms to dominate the input-circuit con- 
ductance node. Similarly, the output impedance of the cascode 
amplifier should be loaded by a tuned circuit with an impedance 
of approximately 3000 ohms to dominate the output node. The 
if amplifier stability is then unaffected by the IC impedance 
variations, but is a function of the feedback component. T^his 
feedback component consists of coupling within the IC pack- 
aging, PC -board stray capacitances, and PC -board common 
impedances. It can be shown that with the maximum device 
feedback capacitance the amplifier is stable. For example, with 
circuit bias conditions of 19 = 2 mA, Y2I =50 mmhos, and 
Cfb (max) = O.OOSpF, the maximum usable gain (MUG) is 42 dB 
(which allows for a 20 percent skew factor). The fact that this 
value of MUG is greater than the actual circuit gain (35 dB) 
substantiates the stability. 

Although these calculations show the device to be stable, it 
must be recognized that poorly controlled external feedback 
mechanisms may raise the level of feedback in a high-gain, 
physically small rf amplifier so as to produce instabilities. For 
this reason, the PC -board layout is extremely important, and 
any high-gain if amplifier design should include a board layout. 

As mentioned previously, the interstage transformer should 
load the cascode amplifier with approximately 3000 ohms, and 
should provide a 500-ohm source impedance to input 
terminal 13 (the wideband if amplifier section). The imped- 
ance at terminal 13 is approximately 5000 ohms. The driv- 
ing-point impedance to sound-if terminal 1 2 should be about 
1000 ohms, this terminal looks into a 5000-ohm input circuit. 
The 41 .25 MHz trap is a rejection filter for the video amplifier 
and allows the carrier to pass into the sound system. 

The circuit design in Fig. 6 shows a typical cable -link circuit 
which includes a 47.25 MHz bridged “T” adjacent -sound-chan- 
nel trap at the input circuit. It also includes a 39.75-MHz trap for 
an adjacent video carrier for operation in CATV systems or in 
areas where adjacent channels are available. This trap may con- 
sist of a 39.75-MHz bridge “T” connected in parallel directly 
across the 47.25-MHz trap. Both traps provide the additional 
selectivity necessary for attenuation of the undesired fre- 
quencies by more that 40 dB. 
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Fig. 6. Schematic diagram of a typical tuner-to - PIX-IF link 
circuit. 

The second and third PIX-IF amplifier stages provide two 
extra stages of gain (approximately 40 dB). The stages present a 
very low driving-point impedance to the linear detector, as de- 
scribed earlier. The detected signal then undergoes an additional 
1 2 dB of video amplification. The video output at terminal 19 is 
nominally 7 volts (peak-to-peak). AGC is developed when the 
input signal reaches and exceeds the magnitude necessary to 
produce this video output level. Fig. 7 (a) shows the developed 
age bias (terminal-4 voltage) as a function of signal level at ter- 
minal 6. Fig. 7 (b) shows the delayed age voltage at terminal 7 
(for application to the tuner) with R1 adjusted so that this 
delay-bias is generated whenever the input signal at terminal 6 
exceeds 8 millivolts. 


An output signal is available at terminal 14 to drive an auto- 
matic-fine-tuning (AFT) subsystem-IC, such as the RCA 
CA3064. This connection is a buffered output from an emitter 
follower as described earlier. The level of signal at 45.75 MHz to 
drive the AFT circuit is nominally 1 5 millivolts. 



lb) 92CS- 24069 

Fig. 7. (a) Developed age bias as a function of signal level at 
terminal 7; (b) delayed age voltage at terminal 7. 

Fig. 8 shows the RCA CA3068 coupled to a tuner that uses 
an RCA type 40820 MOSFET in the rf-amplifier stage. AGC 
voltages are applied (shown in Fig. 8) to optimize over-all TV- 
receiver performance, so that, when maximum receiver sensi- 
tivity is required (such as during the reception of weak signals 
from the antenna) the tuner will operate at optimum noise 
factor and maximum gain. As the input signal level increases, it 
is still desirable to operate the rf stage at optimum signal-to- 
noise ratio until the signal level is of sufficient magnitude to 
override any tuner noise degradation brought about by the 
application of age. Therefore, the gain-reduction voltage to 
the tuner should be delayed until the signal level builds up. 
Fig. 7 (b) shows that this age is delayed until the if signal level 
reaches an 8-millivolt level. Then the tuner-gain-reduction mode 
is initiated. After the tuner gain reduction is expended, at 
least another 10-dB gain reduction is still available in the 
cascode portion of the if amplifier. 



As shown in Fig. 2, the age system is, for the most part, 
self-contained. An optimized age response characteristic can be 
achieved by use of a high-quality tantalum 10-microfarad capac- 
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itor connected between terminal 4 and ground. An RC de- 
coupling network smooths the age ripple associated with the 
charge and discharge of the 10-microfarad capacitor at the hori- 
zontal-oscillator frequency rate. The age system is normally 
keyed from the horizontal-output circuit in the TV system. This 
keying pulse should be applied to terminal 3. The magnitude of 
the pulse should be sufficient to supply a nominal peak current 
value of 0.8 milliampere into terminal 3. The value of the series 
resistor R s associated with terminal 3 may be computed as 
follows: During the conduction period (with keying applied ), the 
constant-voltage components within the integrated circuit 
account for: 


V k = 8.2V 

(It is assumed that 13 = 0.8 mA) 


If the keying-pulse magnitude. Vp. is 


13 = 0.8 mA = 


15 V k 


(15 8.2) V 
R s 


1 5 V, then: 


R s = 8.5 kilohms 

The sound output is derived from terminal 2 at a level com- 
patible with the input requirements of a TV-sound-if-subsystem 
IC, such as the RCA CA3065. There is also a dc component of 
approximately 6.7 volts present at terminal 2. Coupling net- 
works to subsequent circuits must contain a suitable dc-blocking 
capacitor. 

Small chokes located in the sound and video outputs 
(terminals 2 and 19) should be self-resonating at the inter- 
mediate frequencies to prevent if leakage into subsequent stages. 

The C A3 068 if subsystem has an internal zener refer- 
ence-diode that permits operation of the subsystem with an 
external voltage-regulator pass transistor. A suggested circuit 
arrangement is shown as part of the over-all if schematic 
diagram in Fig. 5 (b). The voltage-regulator pass-transistor has a 
nominal output voltage of 1 1 .2 volts. Bypassing of the V+ 
supply with reference to the if subsystem is important, and the 
suggested arrangement shown in the application circuit (Fig. 10) 
should be used. Specifically, terminal 15 should be bypassed to 
terminal 17 on the CA3068. Even though terminal 17 is at dc 
ground potential, it should not be tied to ground but rather 
should be bypassed in the manner shown to avoid mutual im- 
pedance coupling within the CA3068. 

MONOCHROME TV 

The delayed-age circuits used in the CA3068 were originally 
intended to control a MOSFET in the rf-stage of the TV tuner. 
This arrangement permits direct application of the delayed-age 
voltage from the CA3068 to the tuner. In monochrome 
receivers, however, it is common practice to employ a bipolar 
transistor in the rf-stage of the tuner, and a circuit with a “for- 
ward”-agc characteristic is required to control the rf-stage. This 
characteristic is easily established by means of an inverter net- 
work utilizing a p-n-p transistor, as shown in the circuit of Fig. 9. 



Fig. 9. Block diagram of an if system for a monochrome re- 
cei ver sho wing peripheral age circui t. 

As the input signal level increases, the forward-age delay voltage 
is developed at the tuner when the voltage at terminal 7 of the 
CA3068 decreases. The age voltage applied to the rf-stage of the 
tuner (Fig. 9) is derived from the collector of the p-n-p tran- 
sistor. As the delay-age voltage is generated at terminal 7 of the 
CA3068, the base of the p-n-p inverter is driven into conduction. 
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which causes more current to flow through the collector circuit, 
so that a positive (or forward) age potential is generated for the 
bipolar transistor in the tuner. 

TV RECEIVER PIX-IF CIRCUIT APPLICATIONS 

In this section, the application of the CA3068 integrated 
circuit in a color and a monochrome TV receiver is described. 
The circuits shown were constructed on single-sided copper PC 
boards. 

As previously noted, because of the high gain encountered in 
PIX-IF design, positive feedback must be avoided if the 
amplifier is to remain free of spurious oscillation. To this end, 
the optimization of printed board layout and component place- 
ment is essential. The proper choice of bypassing components 
and signal-path layout is necessary to avoid feedback through 
ground loops. 

IF CIRCUIT FOR COLOR TV RECEIVER 

The schematic diagram of an if system for a color-TV re- 
ceiver is shown in Fig. 10. A parts list and illustrations showing 
the PC-board component layout (top view) and the actual 
printed circuit (bottom view of board) are shown in Appendix 
A. Since most current color-TV receivers employ automa- 
tic-fine-tuning (AFT) systems, an AFT system using the CA3064 
has also been included on the same board; Fig. 10 includes the 
AFT circuit. 

The if-response is determined by the triple-tuned circuit, 
which consists of three traps: two preceding the IC and an inter- 
stage double-tuner circuit with one trap. In the tripled-tuned 
circuit, the two bridge-T traps are used to provide attenuation of 
the adjacent-channel picture carrier (frequency 39.75 MHz) and 
adjacent-channel sound carrier frequency (47.25 MHz). A 


between the tuner and the if stage. Parasitic resonance and 
couplings have been minimized to maintain a high degree of 
attenuation at frequencies remote from the if-resonance fre- 
quency. 

The interstage double-tuned bandpass circuit, with a bifilar 
T-trap at 41.25 MHz, is similar to that commonly used in the 
third stage of color-TV receivers. The sound and picture carriers 
are present at the input (terminal 12) to the 4.5 MHz sound-it 
detector circuit. Trapping action removes the 4 1.25 MHz sound 
carrier at terminal 13 to prevent a difference-frequency beat of 
0.92 MHz with the chroma subcarrier at 42. 1 7 MHz. The picture 
carrier and chroma subcarrier entering terminal 13 are ampli- 
fied, detected, and additionally amplified as detected video 
signal. If the sound carrier is not attenuated by the 41 .25 MHz 
trap, the carrier will be detected as a large 4.5 MHz differ- 
ence-signal in the video output. A 4.5 MHz trap (T5) is included 
to prevent interference of a residual 4.5 MHz intercarrier signal 
in the chroma and luminance circuits. 

The chroma peaking circuit compensates for the slope of the 
video response, as shown in Figs. 1 1 (a), 1 1 (b) and 1 1 (c). The 
actual slope and shape of the video response between 3.08 MHz 
and 4.08 MHz will vary because of normal component tolerance. 
The chroma-peaking coil, L7, has two cores, one to adjust in- 
ductance to center the response at 3.58 MHz, and the other to 
adjust chroma output level and bandwidth. The latter core 
controls circuit Q with little effect on over-all inductance. 

Photographs of the detected sweep-response characteristics 
are shown in Fig. 12. The sweep-response of Fig. 12 (f) shows 
the interstage alignment from TP3 (of Fig. 10) to terminal 9 of 
the CA3068. The sweep-response curves in Figs., 1 2 (a) through 
12 (e) show 60 dB of age range from a level of 100 microvolts 
(Fig. 12 (e)) to 100 millivolts (Fig. 12 (a)). 

The alignment procedure for the color-TV PIX-IF system 
using the CA3068, Fig. 1 0, is given in Appendix A. 



Fig. JO. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit for a color-TV system. 
A template of the printed circuit board used to construct this circuit, a diagram of the position of 
all components on the board, a block diagram of the location of major components on the board, 
and a circuit parts list are given in Appendix A. 


common bridge impedance consisting of parallel-connected LI 
and R2 is used. Adjustment of LI for best null of the 47.25 MHz 
trap assures the desired 60-dB minimum attenuation. 

The triple-tuned circuit provides, at center frequency, a 
source resistance to the 1C of 800 ohms and a voltage gain of 
three from the input to pin 6 of the IC. The first section of the 
triple-tuned circuit consists of L2 and C6. Capacitor C6 is in 
parallel resonance with coil L2 at 44 MHz. The third section of 
the triple-tuned circuit consists of coil L4 and capacitor Cl 4. 
Coupling and voltage-gain from L2 to L4 are provided by the 
second section, coil L3 and capacitors CIO, Cl I , and C12. The 
inductive reactance of L3 is made 75 times larger than that of L2 
to provide a high degree of tuned-circuit isolation for ease of 
alignment. 

The circuit provides protection against interference resulting 
from a strong rf signal which might inadvertently be introduced 


IF CIRCUIT FOR MONOCHROME TV RECEIVER 

The schematic diagram for a PIX-IF system for a mono- 
chrome TV system that employs the CA3068 is shown in 
Fig. 13. A PC-board component-layout diagram (top view), the 
actual printed circuit (bottom view of board), and a circuit parts 
list are shown in Appendix B. A sound-if system using the 
CA3065 has been included to show the simplicity with which it 
can be used in conjunction with the CA3068. 

The selectivity is provided in two sections, an input 
single-tuned circuit with trap, and a double-tuned interstage 
circuit. The resistive pad, R1 , R2, and R3 of Fig. 13, is used to 
terminate the link-cable and isolate cable effects from the high-Q 
input circuit. The bridge-T trap-circuit is used to give maximum 
attenuation to the adjacent-channel sound carrier. Precision 
components (R2, Cl, C2) achieve a good null at 47.25 MHz 
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without the need for additional components. The circuit Q is 
controlled by R 1 1 and the resistive input network to yield a 
3-dB bandwidth of 3 MHz centered at 44.5 MHz. The 
“T”-equivalent circuit is used for interstage coupling to realize a 
miniature, precision, double-tuned transformer. The mutual 
coupling element, L5, is an air-core, spring-winding coil which is 
actually calibrated by physical dimensions. If necessary , this coil 
may be “knifed” to provide a simple and effective coupling 
adjustment. The circuit Q’sare each set at 21, and are controlled 
by R17 and R 18, which also feed bias for the broadband ampli- 
fier and sound channels, respectively. The picture-carrier at 
45.75 MHz is set at 50 percent to yield proper reception of the 
vestigial sideband. The color subcarrier at 42.17 MHz is placed 
comparatively low on the response curve, since the resulting beat 
with the 41 .25 MHz is placed at greater than 5 percent but less 
than 10 percent to produce an adequate sound-if intercarrier 
signal at 4.5 MHz, and yet maintain low intermodulation. 
Typical over-all sensitivity of the if circuit is approximately 150 
microvolts for full video output. 

Interference from the 45-MHz high-level signals and har- 
monics is prevented by care in passing and filtering. A 1 2-micro- 
henry choke (L4 of Fig. 13), self-resonant at the fourth har- 
monic, is used in the video output lead; the sound output con- 




Fig. 13. Schematic diagram of a typical application of the CA3068 to a PIX-IF circuit for a monochrome-TV system. 
Fig. 1 1. (a) Over-all if response, (b) video and peaking circuit A template of the printed-circuit board used to construct this circuit, a diagram of the position of all corn- 

response, (c) chroma response for the circuit of ponents on the board, and a circuit parts list are given in Appendix B. 

Fig. 10 (frequency values in MHz). 



Fig. 12. Detected sweep-response characteristics for the circuit 
of Fig. 10. 


tains a ferrite bead. The B+ supply must be bypassed to provide 
a low-impedance source for the video driver stages and to 
provide high-frequency filtering. The 1 -microhenry choke (L3 
of Fig. 13) is made very lossy to prevent resonance with C8. 
The ferrite bead and C9 provide high-frequency filtering for 
harmonics of the 45-MHz signal. 

Typical sweep-response characteristics are shown in Fig. 14. 
The alignment instructions for the monochrome, PIX-IF circuit 
are given in Appendix B. 


SUMMARY 

A complete if subsystem has been described for use in both 
color and monochrome TV receivers. The only signal inputs 
required by the CA3068 are if signals from the tuner and a 
keying pulse from the horizontal circuitry. The CA3068 pro- 
vides all outputs needed to drive the video output stage, delay 
line, sync-separator circuitry. RCA CA3065 sound if sub- 
system, RCA CA3064 AFT subsystem, and delayed-agc voltage 
for the rf stage in the tuner. Additionally, circuits for noise 
immunity and signal overload protection are an integral part 
of the CA3068 design. These subsystems have typical input 
sensitivities of 100 microvolts for a 4-volt, peak-to-peak video 
output. A unique video detector arrangement provides ex- 
tremely linear output throughout the 7-volt, peak-to-peak, 
video-output range of the system. 



Fig. 14. Typical sweep-response characteristics for the circuit of 
Fig. 13. 
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Although this Application Note describes subsystem designs 
in TV receivers, the CA3068 is also applicable in AM communi- 
cations systems requiring performance at frequencies within the 
range of 10 to 70 MHz. 
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APPENDIX A - THE COLOR CIRCUIT 
ALIGNMENT PROCEDURE FOR THE COLOR CIRCUIT 

Preliminary Adjustments and Calibration 

1 . Adjust delay-age (noise pot) fully cw. 

2. Connect supplies as indicated on schematic diagram 
(Fig. 10), set bias to zero. 

3. Set sweep generator to 10 millivolts as indicated on Boonton 
9 IDA meter with 56-ohm termination. 

Step 1 - 1 F Interstage Alignment 

a. Ground TP1 with short clip lead. 

b. Connect sweep generator with 56-ohm termination and 
1 000-picofarad decoupling capacitor to TP3 . 

c. Connect oscilloscope to video output. 

d. Adjust bias for 5-volt peak-to-peak response on oscilloscope. 

e. Adjust bottom core ofT4 for minimum at 41.25 MHz. 

f. Adjust L5 and L6 for symmetrical response with PIX and 
color markers equal (Fig. 1 2 (a)): L5 controls markers and 
L6 controls tilt. 

g. Adjust top and bottom cores of T4 simultaneously , top core 
for maximum rejection of 41.25 MHz and bottom core to 
maintain minimum 41 .25 MHz. 

Step 2 • I F Overall Alignment 

a. Leave ground clip lead on TP 1. 

b. Remove sweep input from TP3. 

c. Connect TP2 through a 1000-picofarad capacitor to TP3. 

d. Connect sweep generator to input. 

e. Readjust variable bias to maintain 5-volts peak-to-peak 
response on oscilloscope. 

f. Adjust T1 for minimum 39.75 MHz. 

g. Adjust T2 for minimum 47.25 MHz. 

h. Adjust L2 for equal height of PIX and color markers. 

i. Remove ground-clip lead from TPl and 1000-picofarad 
capacitor from between TP2 and TP3 . 

j. Maintain5-volts peak-to-peak response on oscilloscope by re- 
adjusting bias. 

k. Adjust L3 and L4 simultaneously for symmetrical response 
with PIX and color markers equal: L4 controls markers and 
L3 controls tilt. 

l. Adjust bandpass trimmer, C12, to place PIX and color mark- 
ers at 40 percent while readjusting L3 and L4 (Fig. 12 (b)). 

m. Re-adjust T1 for minimum at 39.75 MHz if necessary. 

n. Re-adjust T2 for minimum at 49.25 MHz. Then adjust L2 to 
maximize the rejection at 47.25 MHz. 

AFT Alignment 

a. With oscilloscope on AFT output, adjust bias for 10-volts 
peak-to-peak response. 

b. Adjust L8 for maximum 45 .75 MHz. 

c. Adjust L9 for crossover at 45.75 MHz. 

d. Re-adjust L8 and L9 to obtain symmetry. 

e. Adjust L8 to obtain maximum width. 


Color-Circuit Parts List 

Capacitors Resistors (All values in ohms) 


Cl 

0.00 ImF 

R1 

18 

C2 

5.1pF 

R2 

20 

C3 

5.6pF 

R3 

33 

C4 

3.3pF 

R4 

10 

C5 

5 . 1 pF 

R5 

2.7k 

C6 

300pF 

R6 

3.3k 

CIO 

16pF 

R7 

100 

Cll 

1 IpF 

R8 

15k 

C12 

l-6pF 

R9 

39k 

C13 

0.0 ImF 

R10 

120k 

C14 

47pF 

Rll 

4.7k 

C15 

O.OImF 

R12 

10k 

C16 

10jaF 

R13 

2.2k 

C17 

0.00 ImF 

R14 

4.7k 

C18 

O.OOImF 

R15 

8.2k 

C19 

7.5pF 

R16 

330 

C20 

1.6pF 

R 1 7 

lk 

C21 

0.00 ImF 

R18 

330 

C22 

3.6pF 

R19 

lk 

C23 

220pF 

R20 

2.7k 

C24 

O.OljuF 

R21 

lk 

C25 

1 IpF 

R22 

330 

C26 

0.022mF 

R23 

1.2k 

C27 

680pF 

R24 

lk 

C28 

120pF 

R25 

lk 

C29 

180pF 

R26 

2.2k 

C30 

0.022mF 

R27 

47 

C31 

56pF 

R28 

3.3k 

C32 

220pF 

R29 

25k 

C33 

1 30pF 



C34 

62pF 



C35 

82pF 



C36 

0.00 ImF 



C40 

lOOOpF 



C41 

lOOOpF 



C42 

lOOOpF 




Inductors RCA Stock No. 


LI 

132159 

L2 

132161 

L3 

132839 

L4 

132658 

L5 

137126 

L6 

132146 

T1 

132839 

T2 

132157 

T4 

132150 

T5 

132135 


APPENDIX B -THE MONOCHROME CIRCUIT 

ALIGNMENT PROCEDURE FOR THE 
MONOCHROME-CIRCUIT 

Step 1 - 

1 . Connect +20 volts to appropriate points on board. 

2. Connect sweep generator to input 

3. Connect dc bias voltage to appropriate point on board. 

4. Adjust sweep generator for 10-millivolt input. 

5. Adjust bias voltage for 5-volt, peak-to-peak output. 

Step 2 - 

1. Adjust LT for minimum response at 47.25 MHz. 

2. Adjust L2 for maximum at 44.5 MHz. 

3. Adjust L6, L7 for bandpass shown in Fig. 14 (b). The 
curve should have 3-MHz bandwidth centered at 
44.5 MHz. 


Monochrome-Circuit Parts List 

Capacitors 

Cl 

3.0pF 

C2 

3.0pF 

C3 

6.8pF 

C4 

3.9pF 

C5 

O.OOImF 

C6 

12mF 

C7 

O.OOImF 

C8 

O.OOImF 

C9 

6.8pF 

CIO 

O.OImF 

Cll 

20pF 

C12 

15pF 

C13 

O.OOImF 

C 1 4 

18pF 

C15 

O.OImF 

C16 

O.OOImF 

C17 

O.OOImF 

C18 

5mF 

C19 

4700pF 

C20 

68pF 

C21 

12pF 

C22 

4pF 

C23 

82pF 

C24 

0.047mF 

C25 

0.047mF 

C26 

O.OImF 

C27 

0.047mF 


Inductors 

RCA Stock No. 

LI 

131655 

L2 

133463 

L3 

I.OmH 

L4 

12.0mH 

LS 

134754* 

L6 

131465 

L7 

133546 

L8 

130120 

L9 

130121 


*(9 turns No. 23 wire; use 1 /2 W resistor to form coil) 


Resistors (All values in ohms) 

R1 

18 

R2 

27 

R3 

91 

R4 

15k 

R5 

3.3k 

R6 

10k 

R7 

1.0k 

R8 

33k 

R9 

51k 

R10 

270 

Rll 

2.2k 

R12 

120k 

R13 

2.2k 

R14 

15k 

R15 

25k 

R16 

8.2k 

R17 

2.2k 

R18 

3.3k 

R19 

150 

R20 

56 

R21 

36 

R22 

220 

R23 

5.6k 
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COLOR-CIRCUIT COMPONENT POSITIONS. 



THE COLOR CIRCUIT 



i I ) * 30 VOLTS 
(2 I TUNER AOC 
( 3 ) CONTROL AGC 
HI GND 
(5 ) INPUT 
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Applications of the CA3080 and CA3080A High-Performance 
Operational Transconductance Amplifiers 


by H. A. Wittlinger 

The CA3080 and CA3080A are similar in generic form to 
conventional operational amplifiers, but differ sufficiently to 
justify an explanation of their unique characteristics. This 
new class of operational amplifier not only includes the usual 
differential input terminals, but also contains an additional 
control terminal which enhances the device’s flexibility for 
use in a broad spectrum of applications. The amplifier 
incorporated in these devices is referred to as an Operational 
Transconductance Amplifier (OTA), because its output signal 
is best described in terms of the output-current that it can 

supply. (Transconductance g m = ... Jp ut ) . The amplifier’s 
e in 

output-current is proportional to the voltage difference at its 
differential input terminals. 

This Note describes the operation of the OTA and 
features various circuits using the OTA. For example, 
communications and industrial applications including 
modulators, multiplexers, sample-and-hold-circuits, gain 
control circuits and micropower comparators are shown and 
discussed. In addition, circuits have been included to show 
the operation of the OTA being used in conjunction with 
RCA COS/MOS devices as post-amplifiers. 

Fig. 1 shows the equivalent circuit for the OTA. The 
output signal is a “current” which is proportional to the 
transconductance (gm) of the OTA established by the 
amplifier bias current Oabc) anc * the differential input 
voltage. The OTA can either source or sink current at the 
output terminals, depending on the polarity of the input 
signal. 



Fig. 1— Basic equivalent circuit of the OTA. 

The availability of the amplifier bias current (IaBC* 
terminal significantly increases the flexibility of the OTA and 
permits the circuit designer to exercise his creativity in the 
utilization of this device in many unique applications not 
possible with the conventional operational amplifier. 

Circuit Description 

A simplified block diagram of the OTA is shown in Fig. 
2. Transistors Q1 and Q2 comprise the differential input 
amplifier found in most operational amplifiers, while the 
lettered-circles (with arrows leading either into or out of the 
circles) denote “current-mirrors”. Fig. 3a shows the basic 
type of current-mirror which is comprised of two transistors, 



Fig. 2- Simplified diagram of OTA. 


one of which is diode-connected. In a “current-mirror”, with 
similar geometries for Qa and Qg, the current I’ establishes a 
second current I whose value is essentially equal to that of P. 
This basic current-mirror configuration is sensitive to the 
transistor beta ( 'J3 ). The addition of another active transistor, 
shown in Fig. 3b, greatly diminishes the circuit sensitivity to 
transistor beta (0) and increases the current-source output 
impedance in direct proportion to the transistor beta (0). 
Current-mirror W (Fig. 2) uses the configuration shown in 
Fig. 3a, while mirrors X, Y, and Z are basically the version 
shown in Fig. 3b. Mirrors Y and Z employ p-n-p transistors, 
as depicted by the arrows pointing outward from the mirrors. 
Appendix 1 describes “current-mirrors” in more detail. 



Fig. 3- Basic types of current mirrors; a) diode-connected 
transistor paired with transistor; b) improved 
version : employs an extra transistor. 


Fig. 4 is the complete schematic diagram of the OTA. 
The OTA employs only active devices (transistors and 
diodes). Current applied to the amplifier-bias-current ter- 
minal, IabC> establishes the emitter current of the input 
differential amplifier Q1 and Q2. Hence, effective control of 
the differential transconductance (g m ) is achieved. 



Fig. 4- Schematic diagram of OTA types CA3080 and 
CA3080A. 

The g m of a differential amplifier is equal to 



(see Ref. 2 for derivation) where q is the charge on 
an electron, a is the ratio of collector current to emitter 
current of the differential amplifier transistors, (assumed to 
be 0.99 in this case), 1^ is the collector current of the 
constant-current source OabC in th' s case), K is Boltzman’s 
constant, and T is the ambient temperature in degrees Kelvin. 
At room temperature, g m = 19.2 x IabC» where gm is in 
mmho and IabC * s ' n milliamperes. The temperature 
coefficient of g m is approximately -0.33%/°C (at room 
temperature). 


Transistor Q3 and diode D1 (shown in Fig. 4) comprise 
the current mirror “W” of Fig. 2. Similarly, transistors Q7, 
Q8 and Q9 and diode D5 of Fig. 4 comprise the generic 
current mirror “Z” of Fig. 2. Darlington-connected transis- 
tors are employed in mirrors “Y” and “Z” to reduce the 
voltage sensitivity of the mirror, by the increase of the mirror 
output impedance. Transistors Q10, Q 1 1 , and diode D6 of 
Fig. 2 comprise the current-mirror “X” of Fig. 2. Diodes D2 
and D4 are connected across the base-emitter junctions of Q5 
and Q8, respectively, to improve the circuit speed. The 
amplifier output signal is derived from the collectors of the 
“Z” and “X” current-mirror of Fig. 2, providing a push-pull 
Class A output stage that produces full differential g m . This 
circuit description applies to both the CA3080 and 
CA3080A. The CA3080A offers tighter control of g m and 
input offset voltage, less variation of input offset voltage 
with variation of IabC ant ^ controlled cut-off leakage 
current. In the CA3080A, both the output and the input 
cut-off leakage resistances are greater than 1,000 Mf2. 

APPLICATIONS 


Multiplexing 

The availability of the bias current terminal, IabC> 
allows the device to be gated for multiplex applications. Fig. 
5 shows a simple two-channel multiplex system using two 
CA3080 OTA devices. The maximum level-shift from input 
to output is low (approximately 2mV for the CA3080A and 
5mV for the CA3080). This shift is determined by the 
amplifier input offset voltage of the particular device used, 
because the open-loop gain of the system is typically lOOdB 
when the loading on the output of the CA3080A is low. To 
further increase the gain and reduce the effects of loading, an 
additional buffer and/or gain-stage may be added. Methods 
will be shown to successfully perform these functions. 

In this example positive and negative 5-V power-supplies 
were used, with the IC flip-flop powered by the positive 
supply. The negative supply-voltage may be increased to 
• 15 V, with the positive-supply at 5 V to satisfy the logic 
supply voltage requirements. Outputs from the clocked flip- 
flop are applied through p-n-p transistors to gate the CA3080 
amplifier-bias-current terminals. The grounded-base con- 



Fig. 5— Schematic diagram of OTAs in a two-channel linear 
time- shared multiplex circuit. 
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figuration is used to minimize capacitive feed-through 
coupling via . the base-collector junction of the p-n-p 
transistor. 

Another multiplex system using the OTA’s clocked by a 
COS/MOS flip-flop is shown in Fig. 6. The high output 
voltage capability of the COS/MOS flip-flop permits the 
circuit to be driven directly without the need for p-n-p 
level-shifting transistors. 

A simple RC phase-compensation network is used on the 
output of the OTA in the circuits shown in Figs. 5 & 6. The 

values of the RC-network are chosen so that-^- p = 2MHz. 



(NO SUPPLY BYPASSING 
SHOWN) 



Fig. 6— Schematic diagram of a two-channel linear multi- 
plex system using a COS/MOS flip-flop to gate two 
OT As. 


This RC-network is connected to the point shown because 
the lowest-frequency pole for the system is usually found at 
this point. Fig. 7 shows an oscilloscope photograph of the 
multiplex circuit functioning with two input signals. Fig. 8 



TOP TRACE MULTIPLEXED OUTPUT I V/DIV 8 
lOOfi mc/DIV 

BOTTOM TRACE:TIME EXPANSION OF SWITCHING 
BETWEEN INPUTS 2V/DIV 8 
5 jxsec/ CXV 

Fig. 7— Voltage waveforms for circuit of Fig. 6; top trace: 
multiplexed output; lower trace: time expansion of 
switching between inputs. 



TOP TRACE: I V/DIV 8 IOO/i*ec/DIV -OUTPUT 
BOTTOM TRACE: VOLTAGE EXPANSION OF OUTPUT 
ImV/DIV 8 100/isac/DIV ISOLATION 
IS IN EXCESS OF 80 db 

Fig. 8— Voltage waveforms for circuit of Fig. 6; top trace: 
output; lower trace: voltage expansion of output; 
isolation in excess of 80 dB. 


shows an oscilloscope photograph of the output of the 
multiplexer with a 6-V p-p, sine wave signal (22 kHz) applied 
to one amplifier and the input to the other amplifier 
grounded. This photograph demonstrates an isolation of at 
least 80 dB between channels. 


Sample-and-Hold Circuits 

An extension of the multiplex system application is a 
sample-and-hold circuit (Fig. 9), using the strobing character- 
istics of the OTA amplifier bias-current (ABC) terminal as a 
means of control. Fig. 9 shows the basic system using the 
CA3080A as an OTA in a simple voltage-follower configura- 
tion with the phase-compensation capacitor serving the 
additional function of sampled-signal storage. The major con- 
sideration for the use of this method to “hold” charge is that 
neither the charging amplifier nor the signal readout device 
significantly alter the charge stored on the capacitor. The 
CA3080A is a particularly suitable capacitor-charging ampli- 
fier because its output resistance is more than 1000 Mf2 
under cut-off conditions, and the loading on the storage 
capacitor during the hold-mode is minimized. An effective 
solution to the read-out requirement involves the use of an 
RCA 3N138 insulated-gate field-effect transistor (MOS/FET) 
in the feedback loop. This transistor has a maximum 
gate-leakage current of 10 picoamperes; its loading on the 
charge “holding” capacitor is negligible. The open-loop 
voltage-gain of the system (Fig. 9) is approximately 100 dB if 
the MOS/FET is used in the source-follower mode to the 
CA3080A as the input amplifier. The open-loop output 

impedance (g^) of the 3N138 is approximately 220 
because its transconductance is about 4,600 /imho at an 
operating current of 5 mA. When the CA3080A drives the 
3N138 (Fig. 9), the closed loop operational-amplifier output 
impedance characteristic 


Z == Z n (open-loop) 
out A (open-loop voltage-gain) 


~ 220 CL 
lOOdB 


220 n 
10 s 


0.0022 n 



Fig. 9— Schematic diagram of OTA in a sample-and-hold 
circuit. 


Fig. 10 shows a “sampled” triangular signal. The lower 
trace in the photograph is the sampling signal. When this 
signal goes negative, the CA3080A is cutoff and the signal is 
“held” on the storage capacitor, as shown by the plateaus on 
the triangular wave-form. The center trace is a time 
expansion of the top-most transition (in the upper trace) 
with a time scale of 2 /isec/div. 



TOP TRACEiSAMPLED SIGNAL IV/DIV 8 20^l*c/DIV 
CENTER TRACE: TOP PORTION OF UPPER SIGNAL 

iv/div a Z/iMe/Oiv 

BOTTOM TRACE: SAMPLING SIGNAL Z0V/DIV 8 
Z0fi««c/DIV 

Fig. 10- Waveforms for circuit of Fig. 9; top trace: sampled 
signal; center trace: top portion of upper signal; 
tower trace: sampling signal. 


Once the signal is acquired, variation in the stored-signal 
level during the hold-period is of concern. This variation is 
primarily a function of the cutoff leakage current of the 
CA3080A (a maximum limit of 5 rjA), the leakage of the 
storage element, and other extraneous paths. These leakage 
currents may be either “positive” or “negative” and, 
consequently, the stored-signal may rise or fall during the 
“hold” interval. The term “tilt” is used to describe this 
condition. Fig. 1 1 shows the expected pulse “tilt” in 
microvolts as a function of time for various values of the 
compensation/storage capacitor. The horizontal axis shows 
three scales representing leakage currents of 50 rjA, 5 r/A, 
500 pA. 



PULSE TILT-/ 1 V 


Fig. 11— Chart showing "tilt" in sample-and-hold potentials 
as a function of hold time with load capacitance as 
a parameter. 

Fig. 12 shows a dual-trace photograph of a triangular 
signal being “sampled-and-held” for approximately 14 ms 
with a 300 pF storage capacitor. The center trace (expanded 
to 20 mV/div) shows the worst-case “tilt” for all the steps 
shown in the upper trace. The total equivalent leakage 
current in this case is only 1 70 pA (I = C— ). 



TOP TRACE SAMPLED SIGNAL IV/DIV 8 20msec/DIV 
CENTER TRACE WORSE CASE TILT ZOmV/DIV 8 
20msec/DIV 

Fig. 12- Oscilloscope photo of " triangular-voltage “ being 
sampled by circuit of Fig. 9. 

Fig. 13 is an oscilloscope photograph of a ramp voltage 
being sampled by the “sample-and-hold” circuit of Fig. 9. 
The input signal and sainpled-output signal are superimposed. 
The lower trace shows the sampling signal. Data shown in 
Fig. 1 3 were recorded with supply voltages of ± 1 0 V and the 
series input resistor at terminal 5 was 22 k£2. 



TOP TRACE: INPUT AND OUTPUT SUPERIMPOSED 
IV/DIV 8 2fisec /DIV 

BOTTOM TRACE SAMPLING SIGNAL 20 V/DIV a 
2 M sec/DIV 


Fig. 13- Oscilloscope photo of "ramp-voltage" being 
sampled by circuit of Fig. 9. 
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In Fig. 14, the trace of Fig. 13 has been expanded (100 
mV/div and 100 rjsec/div) to show the response of the 
sample-and-hold circuit with respect to the sampling signal. 
After the sampling interval, the amplifier overshoots the 
signal level and settles (within the amplifier offset voltage) in 
approximately 1 ps. The resistor in series with the 300 pF 
phase-compensation capacitor was adjusted to 68 ohms for 
minimum recovery time. 



TOP TRACE ' INPUT AND SAMPLED OUTPUT SUPER- 
IMPOSED 100 mV/DIV a lOOns/DIV 
BOTTOM TRACE ’ SAMPLING SIGNAL 20V/DIV a 
100 ns/DIV 

Fig. 14- Oscilloscope photo showing response of sample- 
and-hold circuit (Fig. 9). 

Fig. 15 shows the basic circuit of Fig. 9 implemented 
with an RCA 2N4037 p-n-p transistor to minimize capacitive 
feedthrough. Fig. 16 shows oscilloscope photographs taken 
with the circuit of Fig. 1 5 operating in the sampling mode at 
supply-voltage of ±15 V. The 9.1 kf2 resistor in series with 
the p-n-p transistor emitter establishes amplifier-bias-current 
( 1 ABC^ conditions similar to those used in the circuit of Fig. 
9. 



Fig. 15— Schematic diagram of the OTA in a sample-and- 
hold configuration (DTL/TTL control logic). 

Considerations of circuit stability and signal retention 
require the use of the largest possible phase-compensation 
capacitor, compatible with the required slew rate. In most 
systems the capacitor is chosen for the maximum allowable 
“tilt” in the storage mode and the resistor is chosen so that 
- - ■ = 2 MHz. corresponding to the first pole in the 

amplifier at an output current level of 500 pA. It is 
frequently desirable to optimize the system response by .the 
placement of a small variable resistor in series with the 
capacitor, as is shown in Figs. 9 and 15. The 120 pF 
capacitor shunting the 2 kS2 resistor improves the amplifier 
transient response. 



TOP TRACE INPUT AND SAMPLED OUTPUT SUPER- 
IMPOSED 100 mV/OIV B 100ns 01V 
BOTTOM TRACE SAMPLING SIGNAL 5V/DIV 8 


Fig. 16— Oscilloscope photo for circuit of Fig. 15 operating 
in sampling mode. 


Fig. 17 shows a multi-trace oscilloscope photograph of 
input and output signals for the circuit of Fig. 9, operating in 
the linear mode. The lower portion of the photograph shows 
the input signal, and the upper portion shows the output 
signal. The amplifier slew-rate is determined by the output 
current and the capacitive loading: in this case the slew rate 
(dV/dt ) = l.8V/jus. 

The center trace in Fig. 1 7 shows the difference between 
the input and output signals as displayed on a Tektronix 
7A13 differential amplifier at 2 mV/div. The output of the 
amplifier system settles to within 2 mV (the offset voltage 
specification for the CA3080A) of the input level in 1 ps 
after slewing. 



TOP TRACE- OUTPUT 5V/DIV 8 2 M »*e/D«V 
CENTER TRACE DIFFERENTIAL C0MPARSI0N OF 
INPUT AN0 OUTPUT 2mV/DIV- 
O VOLTS THROUGH CENTER - 
2 pf*e/DIV 

BOTTOM TRACE INPUT 3V/0IV B 2 m mc/DIV 


Fig. 17— Oscilloscope photo showing circuit of Fig. 9 
operating in the linear sample-mode. 


Fig. 18 is a curve of slew-rate as a function of 
amplifier-bias-current OaBC) wit * 1 various storage/ 
compensation capacitors. The magnitude of the current being 
supplied to the storage/compensation capacitor is equal to 
the amplifier-bias-current Oabc) when the OTA is supplying 
its maximum output current. 


current (1 A bc) through resistor Rm. Amplitude modulation 
of the carrier frequency occurs because variation of the 
voltage Vm forces a change in the amplifier-bias-current 
(Iabc) su PP'>ed via resistor Rm. When Vmgoes positive the 
bias current increases which causes a corresponding increase 
in the g m of the OTA. When the Vm goes in the negative 
direction (toward the amplifier-bias-current terminal 
potential), the amplifier-bias-current decreases, and reduces 
the g m of the OTA. 

As discussed earlier, g m = 19.2 x IabC> w h ere gm * s * n 
millimhos when I^BC > s * n rnilliamperes. In this case, I^BC IS 
approximately equal to: 


Vm - (V-) 
Rm 


- >ABC 


(»0) = -gm Vx 

g ni Vx = (19.2)(I AB c)(Vx) 
, _-19.2 [Vm - (V*)] Vx 

'O' rS 


, 19.2 (Vx) (V‘) 19.2 (Vx)(Vm) „ . , . t . _ . 

O = Rni — ‘ W ~ (Modulation Equation). 


carrier 

FREQUENCY 


MODULATING 

FREQUENCY 



Fig. 19— Amplitude modulator circuit using the OTA. 



Fig. 18- Slew rate as a function of amplifier-bias-current 
(l ABC ) w/f/) phase-compensation capacitance as a 
parameter. 

Gain Control — Amplitude Modulation 

Effective gain control of a signal may be obtained by 
controlled variation of the amplifier-bias-current (I A bc) * n 
the OTA because its g m is directly proportional to the 
amplifier-bias-current 0 A bc)- ^ or a specified value of 
amplifier-bias-current, the output current (Iq) is equal to the 
product of g m and the input signal magnitude. The output 
voltage swing is the product of output current (Iq) and the 
load resistance (Rjj). 

Fig. 19 shows the configuration for this form of basic 
gain control (a modulation system). The output signal 
current (Iq) is equal to -g m V x ; the sign of the output signal 
is negative because the input signal is applied to the inverting 
input terminal of the OTA. The transconductance of the 
OTA is controlled by adjustment of the amplifier bias 
current, I A bc- 1° this circuit the level of the unmodulated 
carrier output is established by a particular amplifier-bias- 


There are two terms in the modulation equation: the first 
term represents the fixed carrier input, independent of Vm, 
and the second term represents the modulation, which either 
adds to or subtracts from the first term. When Vm is equal to 
the V- term, the output is reduced to zero. 

In the preceding modulation equations the term 

(19.2) (Vx) 

involving the amplifier-bias-current terminal voltage (V A b^) 
(see Fig. 4 for V^bc) was neglected. This term was assumed 
to be small because V^bc > s small c °mpared with V- in the 
equation. If the amplifier-bias-current terminal is driven by a 
current-source (such as from the collector of a p-n-p 
transistor), the effect of V^bc variation is eliminated and 
transferred to the involvement of the p-n-p transistor 
base-emitter junction characteristics. Fig. 20 shows a method 
of driving the amplifier-bias-current terminal to effectively 
remove this latter variation. If an n-p-n transistor is added to 



Fig. 20— Amplitude modulator using OTA controlled by 
p-n-p transistor. 
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the circuit of Fig. 20 as an emitter-follower to drive the p-n-p 
transistor, variations due to base-emitter characteristics are 
considerably reduced due to the complementary nature of 
the ti-p-n base-emitter junctions. Moreover, the temperature 
coefficients of the two base-emitter junctions tend to cancel 
one another. Fig. 21 shows a configuration using one 
transistor in the RCA type CA30I8A n-p-n transistor-array as 



Fig. 21— Amplitude modulator using OTA controlled by 
p-n-p and n-p-n transistors. 


an input emitter-follower, with the three remaining tran- 
sistors of the transistor-array connected as a current-source 
for the emitter - followers. The 100-kf2 potentiometer 
shown in these schematics is used to null the effects of 
amplifier input offset voltage. This potentiometer is adjusted 
to set the output voltage symmetrically about zero. Figs. 22a 
and 22b show oscilloscope photographs of the output 
voltages obtained when the circuit of Fig. 19 is used as a 
modulator for both sinusoidal and triangular modulating 
signals. This method of modulation permits a range 
exceeding 1000:1 in the gain, and thus provides modulation 
of the carrier input in excess of 99%. The photo in Fig. 22c 
shows the excellent isolation achieved in this modulator 
during the “gated-off’ condition. 


Four-Quadrant Multipliers 

A single CA3080A is especially suited for many 
low-frequency, low-power four-quadrant multiplier applica- 
tions. The basic multiplier circuit of Fig. 23 is particularly 
useful for waveform generation, doubly balanced modula- 
tion, and other signal processing applications, in portable 
equipment, where low-power consumption is essential and 
accuracy requirements are moderate. The multiplier config- 
uration is basically an extension of the previously discussed 
gain-controlled configuration (Fig. 19). 

To obtain a four-quadrant multiplier, the first term of 
the modulation equation (which represents the fixed carrier) 
must be reduced to zero. This term is reduced to zero by the 
placement of a feedback resistor (R) between the output and 
the inverting input terminal of the CA3080A, with the value 
of the feedback resistor (R) equal to l/g m . The output 
current is Iq = g m (-Vx) because the input is applied to the 

inverting terminal of the OTA. The output current due to the 
Vx 

resistor (R) is Hence, the two signals cancel when R = 
l/g m . The current for this configuration is: 


, _ -19.2 Vx Vm, 

'0 = RS — 


and Vm = Vy 


The output signal for these configurations is a “current” 
which is best terminated by a short-circuit. This condition 
can be satisfied by making the load resistance for the 
multiplier output very small. Alternatively, the output can be 
applied to a current-to-voltage converter shown in Fig. 24. 

In Fig. 23, the current “cancellation” in the resistor R is 
a direct function of the OTA differential amplifier linearity. 
In the following example, the signal excursion is limited to 
±10 mV to preserve this linearity. Greater signal-excursions 
on the input terminal will result in a significant departure 
from linear operation (which may be entirely satisfactory in 
many applications). 



TOP TRACE: MODULATION FREQUENCY INPUT 
= 20 VOLTS P-P a50 M sec/DIV 
CENTER TRACE AMPLITUDE MODULATE OUTPUT 
SOOmV/DIV 8 SO^xsec /DIV 
BOTTOM TRACE. EXPANDED OUTPUT TO SHOW 

DEPTH OF MODULATION 20mV/DlV 
a 50pSec/DIV 



TOP TRACE: MODULATION FREQUENCY INPUT 
20 VOLTS a 50>*sec/DIV 
BOTTOM TRACE AMPLITUDE MODULATED OUTPUT 
500mV/DIV 8 50/*sec/DIV 



TOP TRACE GATED OUTPUT IV/DIV AND SO/xMC/OIV 
BOTTOM TRACE : VOLTAGE EXPANSION OF ABOVE 
SIGNAL- SHOWING NO RESIDUAL 
I mV/ DIV AN0 SO^xsec/DIV— AT 
LEAST BOdb OF ISOLATION 
fq = 100 kHz 


Fig. 22— a) Oscilloscope photo of amplitude modulator 
circuit of Fig. 15 with R m = 40 kSl, V + = 10 v and 
V- = -10 V. Top trace: modulation frequency input 
si 20- V p-p; center trace: amplitude modulated 
output 500-mV/div.; lower trace: expanded output 
to show depth of modulation, 20 mV/div.; b) 
triangular modulation; top trace: modulation fre- 
quency input — 20 V; lower trace: amplitude 
modulated output 500 mV/div.; c) square wave 
modulation, top trace: gated output 1 V/div.; lower 
trace: expanded scale, showing no residual (1 
mV/div) and at least 80 dB of isolation at fq = 100 
kHz. 



Fig. 23— Basic four quadrant analog multiplier using an 
OTA. 



Fig. 24- OTA analog multiplier driving an op-amp that 
operates as a current-to-voltage converter. 


Fig. 25 shows a schematic diagram of the basic multiplier 
with the adjustments set-up to give the multiplier an 
accuracy of approximately ±7 percent “full-scale”. There are 
only three adjustments: 1) one is on the output, to 



Fig. 25- Schematic diagram of analog multiplier using OTA. 


compensate for slight variations in the current-transfer ratio 
of the current-mirrors (which would otherwise result in a 
symmetrical output about some current level other than 
zero); 2) the adjustment of the 20-kfi potentiometer 
establishes the g m of the system equal to the value of the 
fixed resistor shunting the system when the Y-input is zero; 
3) compensates for error due to input offset voltage. 

Procedure for adjustment of the circuit: 

1. a) Set the 1 Mfi output-current balancing poten- 

tiometer to the center of its range 

b) Ground the X- and Y- inputs 

c) Adjust the 100 k£2 potentiometer until a zero-V 
reading is obtained at the output. 

2. a) Ground the Y-input and apply a signal to the X- 

input through a low source-impedance generator. 
(It is essential that a low impedance source be 
used; this minimizes any change in the g m 
balance or zero-point due to the 50 -/jA Y-input 
bias current). 

b) Adjust the 20-kJ2 potentiometer in series with 
Y-input until a reading of zero-V is obtained at 
the output. This adjustment establishes the g m of 
the CA3080A at the proper level to cancel the 
output signal. The output current is diverted 
through the 510-kF2 resistor. 

3. a) Ground the X-input and apply a signal to the 

Y-input through a low source-impedance gener- 
ator. 

b) Adjust the 1 -MS7 resistor for an output voltage of 
zero-V. 

There will be some interaction among the adjustments and 
the procedure should be repeated to optimize the circuit 
performance. 

Fig. 26 shows the schematic of an analog multiplier 
circuit with a 2N4037 p-n-p transistor replacing the Y-input 
“current” resistor. The advantage of this system is the higher 
input resistance resulting from the current-gain of the p-n-p 
transistor. The addition of another emitter-follower pre- 
ceding the p-n-p transistor (shown in Fig. 21) will further 
increase the current gain while markedly reducing the effect 
of the V^g temperature-dependent characteristic and the 
offset voltage of the two base-emitter junctions. 
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Fig. 26- Schematic diagram of analog multiplier using OTA 
controlled by a p-n-p transistor. 





Fig. 28- Two-channel multiplexer and decoder using OTAs. 


Figs. 27a and 27b show oscilloscope photographs of the 
output signals delivered by the circuit of Fig. 26 which is 
connected as a suppressed-carrier generator. Figs. 27c and 
27d contain photos of the outputs obtained in signal 
“squaring” circuits, i.e. “squaring” sine-wave and triangular- 
wave inputs. 

If ±15-V power supplies are used (shown in Fig. 26), 
both inputs can accept ±10-V input signals. Adjustment of 
this multiplier circuit is similar to that already described 
above. 

The accuracy and stability of these multipliers are a 
direct function of the power supply-voltage stability because 
the Y-input is referred to the negative supply-voltage. 
Tracking of the positive and negative supply is also important 
because the balance adjustments for both the offset voltage 
and output current are also referenced to these supplies. 

Other forms of four-quadrant multipliers using opera- 
tional transconductancc amplifiers have been published. (See 
Ref. 2.) the circuit shown in Ref. 2 tends to reduce the 
effects of the previously discussed g m temperature depen- 
dency. 

Linear Multiplexer — Decoder 

A simple, but effective system for multiplexing and 
decoding can be assembled with the CA3080 shown in Fig. 
28. Only two channels are shown in this schematic, but the 
number of channels may be extended as desired. Fig. 2 C > 
shows oscilloscope photos taken during operation of the 
multiplexer and decoder. A CA3080 is used as a 10 psec 
delay- “one-shot" multivibrator in the decoder to insure that 
the sample-and-hold circuit can sample only after the input 
signal has settled. Thus, the trailing edge of the “one-shot” 
output-sienal is used to sample the input at the sample-and- 
hold circuit for approximately 1 ps. Fig. 30 shows 
oscilloscope photos of -various waveforms observed during 
operation of the multiplexer/decoder circuit. Either the Q or 
Q output from the flip-flop may be used to trigger the 
lOpsec “one-shot” to decode a signal. 


voltage gain equal to the (g m ) (R 0 ) product of the CA3080, 
which is typically 142,000 (103dB). The output voltage and 
current-swing of the operational amplifier formed by this 
configuration (Fig. 9) are limited by the 3N 138 MOS/FET 
performance and its source-terminal load. In the positive 
direction, the MOS/FET may be driven into saturation; the 
source-load resistance and the MOS/FET characteristics 
become the factors limiting the output-voltage s\ying in the 
negative direction. The available negative-going load current 
may be kept constant by the return of the source-terminal to 



20msec /DIV 


TOP TRACE INPUT SIGNAL (I VOLT/OIV) 

CENTER TRACE RECOVERED OUTPUT ( I VOLT/OIV ) 
BOTTOM TRACE MULTIPLEXED SIGNALS (2 V0LTS/DIV) 



20 msec/DlV 


TOP TRACE INPUT SIGNAL (IVOLT/OIV) 

CENTER TRACE RECOVERED OUTPUT (IVOLT/DIV) 
BOTTOM TRACE MULTIPLEXED SIGNALS (IVOLT/OIV) 


Fig. 27— a) Waveforms observed with OTA analog multiplier 
used as a suppressed carrier generator; b ) waveforms 
observed with OTA analog multiplier used in signal- 
squaring circuits. 


High-Gain, High-Current Output Stages 

In the previously discussed examples, the OTA has been 
buffered by a single insulated-gate field-effect-transistor 
(MOS/FET) shown in Fig. 9. This configuration yields a 


Fig. 29- Waveforms showing operation of linear 
multiplexer /sample-and-hold decode circuitry (Fig. 
28). 
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20 fiit c/017 


TOP TRACE FLIP-FLOP OUTPUT (5 VOLTS/OIV) 
CENTER TRACE "ONE -SHOT" OUTPUT (5 VOLTS/DIV) 
BOTTOM TRACE' PULSE AT THE COLLECTOR OF 
THE 2N4037 TRANSISTOR 
(0 I VOLTS/DIV) 



TOP TRACE' COLLECTOR OF PNP TRANSISTOR 
(0 5 V/DIV) ' 

CENTER TRACE- MULTIPLEXED OUTPUT WITH ONE 

CHANNEL INPUT GROUND (0 5 V/DIV) 
LOWER TRACE. DECODED OUTPUT (0 5 V/ 01 V ) 

TIME ALL SCALES. 5 msec/DIV 



TIME EXPANSION TO 500 M ««c/DIV 


Fig. 30- (a) Waveforms showing timing of flip-flop, de/ay- 
" one-shot " and the strobing pulse to the sample- 
and-hold circuit (Fig. 28): top trace: flip-flop 
output (5 V/div); center trace: "one-shot" output 
(5 V/div); lower trace: pulse at collector of 2N4037 
transistor (0.1 V/div); b) Waveforms showing the 
decoding operation from the decoder keying pulse 
(top traces) to the recovered " decoded " sampled 
output dower traces). 1) top trace: collector of 
2N4037; center trace: multiplexed output with one 
channel input grounded; lower trace: decoded 
output; 2) Expanded scale of (1). 

a constant-current transistor. Phase compensation is applied 
at the interface of the CA3080 and the 3N138 MOS/FET 
shown in Fig. c ). 

Another variation of this generic form of amplifier 
utilizes the RCA CD4007A (C'OS/MOS) “inverter” as an 
amplifier driven by the CA3080. Each of the three 
“inverter”/amplifiers in the CD4007A has a typical voltage 
gain of 30 dB. The gain of a single C’OS/MOS “inverter”/ 
amplifier coupled with the 100 dB gain of the CA3080 yields 
a total forward-gain of about 130 dB. Use of a two-stage 
COS/MOS amplifier configuration will increase the total 
open-loop gain of the system to about 160 dB 
(100,000,000). Figs. 31 through 34 show examples of these 
configurations. Each COS/MOS “inverter”/amplifier can sink 
or source a current of 6 mA (typ.). In Figs. 33 and 34, two 
COS/MOS “inverter”/amplifiers have been connected in 
parallel to provide additional output current. 

The open-loop slew-rate of the circuit in Fig. 31 is 
approximately 65 V/jusec. When compensated for the unity- 
gain voltage-follower mode, the slew-rate is about 1 V/jusec 
(shown in Fig. 32). Even when the three “inverter”/ 



I/3CD4007A 


Fig. 31- Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (open-loop mode). For greater 
current output the two remaining amplifiers of the 
CD4007A may be connected in parallel with the 
single stage shown. Open-loop gain — 130 dB. 


-vw 



Fig. 32— Schematic diagram showing OTA driving COS/MOS 
Inverter/Amplifier (unity-gain closed-loop mode). 
For greater current output, the two remaining 
amplifiers of the CD4007A may be connected in 
parallel with the single stage shown. 


amplifiers in the CD4007A are connected as shown in Fig. 
33, the open-loop slew-rate remains at 65 V//asec. A slew-rate 
of about 1 V//isec is maintained with this circuit connected 
in the unity-gain voltage-follower mode, as shown in Fig. 34. 
Fig. 35 contains oscilloscope photos of input-output wave- 
forms under small-signal and large-signal conditions for the 
circuits of Figs. 32 and 34. These photos illustrate the 
inherent stability of the OTA and COS/MOS circuits 
operating in concert. 



Fig. 33- Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier (open-loop mode), 
gain ~ 160 dB. 


Precision Multistage Circuits 

The micropower capabilities of the CA3080, when 
combined with the characteristics of the CD4007A COS/ 
MOS “inverter”/amplifiers, are ideally suited for use in 
connection with precision multistable circuits. In the circuits 
of Figs. 31, 32, 33, and 34, for example, power-supply 
current drawn by the COS/MOS “inverter"/amplifier ap- 
proaches zero as the output voltage swings either positive or 
negative, while the CA3080 current-drain remains constant. 


AW 



Fig. 34— Schematic diagram showing OTA driving two-stage 
COS/MOS Inverter/Amplifier (unity gain closed- 
loop mode). 



TCP TRACE. INPJT 5 V/DIV - lOO^sec/ DIV 
BOTTOM TRACE OUTPUT SAME SCALE 



TOP TRACE INPUT- 50 rnV/DIV- I ^sec/DlV 
BOTTOM TRACE OUTPUT-SAME SCALE 



TOP TRACE INPUT -SV/OIV-IOOjisec/DIV 
BOTTOM TRACE OUTPUT -SAME SCALE 



TOP TRACE INPUT -50 mV/DIV - l M sec/DIV 
BOTTOM TRACE OUTPUT -SAME SCALE 


Fig. 35— a) Waveforms for circuit of Fig. 32 with large signal 
input; b) Waveforms for circuit of Fig. 32 with 
small signal input; c) Waveforms for circuit of Fig. 
34 with large signal input; d) Waveforms for circuit 
of Fig. 34 with small signal input. 
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Fig. 36 shows a variety of circuits that can be assembled 
using the CA3080 to drive one “inverter”/amplifier in the 
CD4007A. Precise timing and thresholds are assured by the 
stable characteristics of the input differential amplifier in the 
CA3080. Moreover, speed vs. power consumption tradeoffs 
may be made by adjustment of the I^BC current to the 
CA3080. The quiescent power consumption of the circuits 
shown in Fig. 36 is typically 6 mW, but can be made to 
operate in the micropower region by suitable circuit 
modifications. 



Fig. 36— Multistable circuits using the OTA and COS/MOS 
Inverter/Amplifiers: a) astable multivibrator; b) 
monostable multivibrator; c ) threshold detector 
(plus or minus). For greater current output, the 
remaining amplifiers in the CD4007A may be 
connected in parallel with the single stage shown. 


Micropower Comparator 

The schematic diagram of a micropower comparator is 
shown in Fig. 37. Quiescent power consumption of this 
circuit is about 10 qW (typ). When the comparator is strobed 
“ON”, the CA3080A becomes active and consumes 420 qW. 
Under these conditions, the circuit responds to a differential 
input signal in about 8 jusec. By suitably biasing the 
CA3080A, the circuit response time can be decreased to 
about 150 nsec., but the power consumption rises to 21 mW. 

Tire differential amplifier input common-mode range for 
the circuit of Fig. 37 is -IV to +10.5 V. Voltage of the 
micropower comparator is typically 130 dB. For example, a 
5 qV input signal will toggle the output. 



STROBE 


Fig. 37- Schematic diagram of micropower comparator 
using the CA3080A and COS/MOS CD4007A. 

APPENDIX I 
CURRENT MIRRORS 

The basic current-mirror, described in the beginning of 
this note, in its rudimentary form, is a transistor with a 
second transistor connected as a diode. Fig. A shows this 
basic configuration of the current-mirror. Q2 is a diode 
connected transistor. Because this diode-connected transistor 
is not in saturation and is “active”, the “diode” formed by 
this connection may be considered as a transistor with 1009? 
feedback. Therefore, the base current still controls the 
collector current as is the case in normal transistor action, 
i.e., If- = 0 Ifo. If a current I| is forced into the 
diode-connected transistor, the base-to-emitter voltage will 
rise until equilibrium is reached and the total current being 
supplied is divided between the collector and base regions. 
Thus, a base-to-emitter voltage is established in Q2 such that 
Q2 “sinks” the applied current 1 1 . 


1 1 i 2 



Fig. A- Diode - transistor current source. 

If the base of a second transistor (Ql ) is connected to the 
base-to-collector junction of Q2, shown in Fig. A. Ql will 
also be able to “sink” a current approximately equal to that 
Bowing in the collector lead of the diode-connected 
transistor Q2. This assumes that both transistors have 
identical characteristics, a prerequisite established by the IC 
fabrication technique. The difference in current between the 
input current (I j ) and the collector current (It) of transistor 
Q, is due to the fact that the base-current for both transistors 
is supplied from 1 1 . Fig. B shows this current division, using a 
unit of base current (1) to each transistor base. This base 


I| *2 



Fig. B- Diode - transistor current source. Analysis of 
current flow. 

current causes a collector current to flow in direct 
proportion to the 0 of each transistor. The ratio of the 
“sinking” current h to the input current I| is therefore 

equal to —L = 0/(0+2). Thus, as j3 increases, the output 

■l 


“sinking” current (1 2) level approaches that of the input 
current (Ij). The curves in Fig. C show this ratio as a 
function of the transistor (i. When the transistor 0 is equal to 
100, for example, the difference between the two currents is 
only two percent. 
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Fig. C- Current transfer ratio I2/I 7 as a function of 
transistor beta. 


Fig. D shows a curve-tracer photograph of characteristics 
for the circuit of Figs. A and B. No consideration in this 
discussion is given to the variation of the transistor (Ql ) 
collector current as a function of its collector-to-emitter 
voltage. The output resistance characteristic of Ql retains its 
similarity to that of a single transistor operating under similar 
conditions. An improvement in its output resistance char- 
acteristic can be made by the insertion of a diode-connected 
transistor in series with the emitter of Ql. 



SCALE HORIZONTAL : 2 V/DIV 
VERTICAL = I mA/DIV 
STEPS = ImA/STEP 


Fig. D— Photo showing results of Figs. A & B. 


This diode-connected transistor (Q3 in Fig. E) may be 
considered as a current-sampling diode that senses the 
emitter-current of Ql and adjusts the base current Ql (via 
Q2) to maintain a constant-current in I2. Because all 
controlling transistors are operated at relatively fixed 
voltages, the previously discussed effects due to voltage 
coefficients do not exist. The curve-tracer photograph of Fig. 
F shows the improved output resistance characteristics of the 
circuit of Fig. E. (Compare Fig. D and F). 


*t 12 



—i 


Fig. E- Diode - 2 transistor current source. 
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shows this equation plotted as a function of b.ta. It is 
significant that the current transfer ratio (I2/I1) is improved 
by the 0 2 term, and reduces the significance of the 2 0 + 2 
term in the denominator. 


SCALE HORIZONTAL = 2 V/ 
VERTICAL = ImA/C 
STEPS = ImA/DIV 


Fig. F— Photo showing results of Fig. E. 

Fig. G shows the current-division within the “mirror” 
assuming a “unit” (1) of current in transistors (02 and 03. 

r2 + 2 0 

The resulting current-transfer ratio I9/I1 = * Fig. C 

^ 1 0 2 + 20+ 2 


Fig. G- Current flow analysis of Fig. E. 


The Operational Transconductancc Amplifier (OTA) is a 
unique device with characteristics particularly suited to 
applications in multiplexing, amplitude modulation, analog 
multiplications, gain control, switching circuitry, multivibra- 
tors, comparators, and a broad spectrum of micropower 
circuitry. The CA3080 is ideal for use in conjunction with 
COS/MOS (Complementary-Symmetry MOS) IC’s being 
operated in the linear mode. 
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Application of the CA3134G 
Sound IF and Output Subsystem in 
Television Receivers 

by George M. Harayda 


In the CA3134, the sound if and 
audio output subsystems for color or 
black-and-white television receivers 
are combined in a single monolithic 
integrated circuit. 1 As shown in the 
block diagram. Fig. 1, the CA3134 in- 
cludes a multistage if amplifier-lim- 
iter, an fm detector, an electronic at- 
tenuator, and an audio power ampli- 
fier. The power amplifier is designed 
to drive, primarily, an 8-, 16-, or 
32-ohm speaker, although, if the de- 
signer chooses, it may be used to 
drive 4- or 10-ohm or other sized 
loads. The amplifier has a typical 
power output of 5 watts with a 
16-ohm load and a V + of 30 volts. 
The consolidation of the functions 
mentioned into an integrated circuit 
minimizes the number of compo- 
nents and reduces the area of the 
printed circuit board necessary for 
this portion of a television receiver. 
This consolidation also permits a 
reduction in manufacturers’ compo- 
nent inventories and simplifies field 
servicing. 

The incorporation of additional 
features in the CA3134 results in an 


improvement in performance when 
the circuit is compared to a system in 
which a type such as the CA3065 is 
used with a discrete or integrated- 
circuit power amplifier. These addi- 
tional features include a volume con- 
trol with an improved taper, a provi- 
sion for the optional use of an unat- 
tenuated audio output (fixed level 
unaffected by volume control posi- 
tion) (terminal 8), an additional 
power-supply-ripple bypass point (ter- 
minal 6), and a power amplifier with 
both current limiting and thermal- 
sensing shutdown protection. 

Installation Considerations 

The CA3134 employs the hermetic 
Gold-CHIP (G suffix) system, which is 
of the sealed-junction type designed 
to provide protection against humid- 
ity and other surface contaminants 
without a hermetic package en- 
closure. The semiconductor junc- 
tions are sealed by a silicon-nitride 
passivation layer. A multilayered, 
highly corrosion-resistant, terminal- 
connection system of special design 
is employed as the chip metalization. 


The CA3134G is encapsulated in a 
16-lead plastic “power stud” 
package. This package has low ther- 
mal resistance, and the number of in- 
put and output terminals has not 
been compromised to make allow- 
ance for heat-sinking tabs. The 
“power stud” package lends itself to 
a wide variety of heat-sink methods 
depending on the application re- 
quirements. The CA3134GM and 
CA3134GQM are similar to the 
CA3134G except that they incor- 
porate a tin-plated copper-strap heat 
sink. The CA3134GQM also has quad- 
formed leads. 

The CA3134G is designed for ap- 
plications in which it is desired to 
employ other than the standard heat- 
sinked configurations. Heat sinks 
similar to the type provided with 
the CA3134GM or GQM may also be 
attached to the CA3134G. 2 

Circuit Description 

The CA3134 is designed primarily 
for use with either a single- or double- 
tuned sound take-off transformer 
(balanced input) to couple the sound 
if frequency (4.5 MHz) output from the 
video detector stage to the CA3134. 
This transformer serves both for im- 
pedance matching and as a band- 
width-limiting network to help reject 
unwanted frequencies such as inter- 
modulation frequency products. 
Other undesired signals includ* 
residual am video information anc 
sync information. Fig. 4 shows the 
overall circuit diagram for the 
CA3134. 

Sound IF Amplifier-Limiter 

The sound if stage amplifies the in- 
put signal until clipping eliminates 
am video and sync signals. In a 
typical TV system, the signal level 
available to the sound if amplifier- 
limiter is 35 mV rms. At this signal 
level, the input impedance compo- 
nents at terminals 14 and 15 of the 
CA3134 consist of a resistance, Rp, 
of approximately 25 kilohms in paral- 
lel with a capacitance, Cn, of approxi- 
mately 3 pF. The sound if amplifier 
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Fig. 1 - Block diagram of CA3134 in typical circuit application. 
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provides enough gain to bring the in- 
put signal level to an amplitude suit- 
able for fm detection, but not so high 
as to cause PC layout or coupling 
problems, Fig. 2 . 



Fig. 2 - Voltage gain of if amplifier as a function 
of frequency. 


As shown in Fig. 4, the if amplifier 
consists of four stages of differential 
amplifiers, Q15-Q16, Q19-Q20, Q23- 
Q24, and Q27-Q28, using resistors 
R13, R16, R19, and R24 as constant- 
current sinKs; each stage is followed 
by emitter followers, Q17, Q21, and 
Q25. Because the differential am- 
plifier functions as a limiter, am 
signals are eliminated and the signal 
into Q30 consists of constant-am- 
plitude, frequency-modulated square 
waves. These square waves are 
shaped into approximate sine waves 
by Q30 and its associated RC net- 
works to assure proper operation of 
the fm detector. The signal output 
from R31 into the base of Q41 and to 
terminal 10 is a constant-amplitude 
fm sine wave. 


FM Detector 

The fm sine wave at terminal 10 
constitutes the input signal to the dif- 
ferential peak detector stage. The ex- 
tracted signal contains the audio in- 
formation. The detector section is 
formed by the differential amplifier 
configuration comprising transistors 
Q31, Q32, Q35, Q36, Q40, and Q41. 
Transistors Q31 and Q41 are emitter 
followers that operate at approx- 
imately 0.3 mA and provide high 
impedance at each input of the 
detector (terminals 10 and 11). Tran- 
sistors Q32 and Q40, which operate 
at approximately 10 microamperes, 
along with the 15-picofarad capaci- 
tors C3 and C4 and the external fre- 
quency-sensitive network on ter- 


minals 10 and 11, perform peak or en- 
velope detection. As shown in Fig. 1, 
this frequency-sensitive network con- 
sists of a parallel LC network in 
series with a 6.8-pF capacitor. The 
signal voltage (from Q30) is applied 
across the entire network connected to 
terminal 10. The portion of the signal 
from Q30 that is across the external 
6.8-pF capacitor is applied to terminal 
1 1 , and the resulting difference in these 
signals provides the basic S curve used 
in the recovery of the audio signal from 
the fm signal. 

An advantage of the differential 
peak detector is that it requires the 
alignment of only one single-tuned 
coil. This coil (L in Fig. 1) can be 
aligned by any one of the following 
methods (with an input terminated in 
50 ohms, f 0 = 4.5 MHz, f m = 400 Hz, 
Af = ±25 kHz, and a voltage at ter- 
minal 15 (V15) - 100 mV rms): 

1. Tune L for maximum recovered 
audio. To minimize thermal ef- 
fects on alignment, the volume 
control should be adjusted so 
that the maximum recovered 
audio level at the load is 
limited to a low power level 
(approximately 0.1 watt or 
less). 

2 . Tune L for maximum recovered 

audio and fine tune for 
minimum distortion. 

3 . With no rf input signal, note 

the dc voltage at terminal 9. 
Then apply a 4.5-MHz cw 
signal and adjust the detector 
coil L until the dc voltage at 
terminal 9 is the same as the 
value noted. 

After aligning the differential peak 
detector coil, align the input trans- 
former by reducing the fm input 
signal level until the recovered audio 
level drops approximately 3 dB. Then 
tune the input transformer for a max- 
imum recovered audio level while the 
input level of the if amplifier-limiter is 
below its limiting point. Fig. 3 shows 
the recovered audio, am rejection, 
and signal-to-noise ratio for the 
CA3134 as a function of rf input level. 


Volume Control and 
Electronic Attenuator 

Control of the audio signal 
detected by the differential peak 
detector is accomplished by differen- 
tial amplifiers Q33-Q34 and Q38-Q39. 
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Fig. 3 - Recovered audio and signal-to-noise ratio 
as functions of rf input level. 


'The volume is controlled when the 
bias levels of the differential ampli- 
fiers are changed by a current flow- 
ing through an external fixed resistor 
between terminals 12 and 16. The 
amount of current flowing through 
this external resistor (which deter- 
mines the level of recovered audio) is 
controlled by the position of the 
variable resistance (volume control) 
relative to ground. The voltage refer- 
ence at terminal 16 is established by 
internal zener diode Z2, approxi- 
mately 6 volts. The maximum level of 
recovered audio, therefore, occurs 
when no currents other than the 
base currents for Q34 and Q39 are 
being drawn from the zener diode 
through the external resistor. When 
the volume control is adjusted for the 
minimum level of recovered audio, 
the current drawn from terminal 16 
should be limited to less than 1 
milliampere. 

This method of controlling the re- 
covered audio has a very predictable 
volume-control taper, which can be 
modified to suit the designer’s prefer- 
ence by changing the external com- 
ponent values. In addition, it allows 
for either a one- or two-wire volume 
control. The one-wire volume control 
(Fig. 4, alternate volume-control cir- 
cuit) requires only one wire from the 
printed circuit board to the external 
volume control, but requires that 
the value of the variable resistor be 
large (approximately 500 kilohms) 
and that the resistor have an audio 
taper to assure an acceptable 
change of audio output level with a 
linear change (rotation) of the 
volume-control. The two-wire volume 
control allows the use of a volume 
control having a lower value of 
resistance and a linear taper. 
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Fig. 4 - Schematic diagram of CA3134. 


The output impedance of the elec- 
tronic attenuator (terminal 9) is 
typically 7.5 kilohms(R5 + R6). Atone 
control may be inserted between the 
output of the electronic attenuator 
and the input of the audio power 
amplifier (terminal 7). 

Unattenuated Audio Output 

The operation of Q38 and Q39 is 
duplicated by Q33 and Q34 as the vol- 


ume control is varied. The currents 
from Q33 and Q34 are combined by 
the current-mirror configuration pro- 
duced by D5, Q5, Q6, and Q8, Q12. 
When an external resistor is placed 
between terminal 8 and ground, the 
current from this current-mirror con- 
figuration produces a recovered 
audio voltage at a fixed level indepen- 
dent of volume-control position. This 
output may be used to mute the 
sound in the event the broadcasting 


station loses its sound carrier or 
broadcast signal or to allow for the 
direct recording of the audio portion 
of a program. 

Audio Power Amplifier 

The audio power amplifier is a 
quasi-complementary class AB type 
with a typical voltage gain of 35>dB. 
Internal feedback eliminates the 
need for external feedback compo- 
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nents, especially costly electrolytic 
capacitors. The input impedance (at 
terminal 7) is typically 100 kilohms 
(R59). Fig. 5 shows the frequency 
response of the audio power ampli- 
fier and Fig. 6 its efficiency. Both cur- 
rent limiting and thermal shutdown 
protection are provided. Current 
limiting is accomplished by limiting 
the drive to the output transistors 
from the driver transistors Q72 and 


Q73. The limiting drive is determined 
by the feedback from R53, R54, and 
Q69 to Q72, and R55, R56, and Q71 to 
Q73. When the peak output current 
exceeds approximately 0.8 ampere, 
the voltage developed across the 
emitters of Q72 and Q73 will cause 
Q69 and Q71, respectively, to con- 
duct, thereby limiting the drive to the 
output transistors Q74, Q75. 

When the chip temperature ex- 


ceeds 150°C, the thermal-sensing 
portion of the CA3134 begins to shut 
down the power amplifier by remov- 
ing the bias from the power amplifier 
driver stages. The temperature at 
which the thermal shutdown circuitry 
is activated is determined by the 
relative areas of D9, Q66, and D18 
and those of Q49, Dll, D12, and D13. 
When Q49 conducts, transistors Q79, 
Q68, and Q76 are in turn biased into 
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conduction and remove bias from the 
amplifier driver stages. Because the 
drive is not removed symmetrically, 
the signal is distorted and gives an 
indication that the unit is in a fault 
condition. 



Fig. 5 - Voltage gain of audio power amplifier 
as a function of frequency. 


80 







EFFICIENCY („)— PERCENT 
5 o o o o o o 

■■■■■■■■■■■■■■■■a ■■■ aaa ■■■■■ ■ aaaaaa ■ 

■■■■■•■■■■■■■■■■a aar aaa ■■■■■ o *««»«» 

•aawaanaaaanasa** m's «*«*« a aaaaaa • 

aaaaaaaaaaavaaaa* *mwi aaa aaaaa a aaaaaa • 

■■■■•■■■■■■■■■■■a Mttpce *t »»**«• a 

aaaaaaaaaaaaaaaaa aaa as* aaaaa • aaaaaa 

■■■aaaiiiiBiiaaap ■■■ aaa aaaaa ■ aaaaaa a 

mmmwmnmnmmmmr.mumm ■■■ ■■■ ■■■■■ ■ ■■■■■■ ■ 

mxtm BBHB m bbbbbh m 

■BBBBMMBrBBBBBB BBB BBB BBBBB B BBBBBB B 

aaiiiaiiiaaaaaaai aia aia iaaai a aiiaia a 

aaaaaaaa aaa aaaas « aaaaaa a 

aaaaaaa'’.«aaaw«aaa aaa aaa aaaaa a aaaaaa a 

■■■■■■r.aaaaaaaiaa ■■■ aaa aaaaa a aaaaaa a 

aaaaar aaaaaaaaaaa aaa aaa aaaaa a aaaaaa a 

aaaaa *»aaa»saa*aa aaa aae aaaaa h aaaaaa 

aaaar aaaaaaaaaaaa aaa aaa aaaaa oa aaaaaa a 

aaaaaaaaaaaaaaaaa aaa aaa aaaaa a aaaaaa a 

aaa aaa aaaaa a aaaaaa a 

■■»•■■■■■!■■■■■■■ ■■■ ■■■ aaaaa a aaaaaa a 

■raaaBaaaaaaaaaaa aaa aaa aaaaa a iiiiia a 

arjaaaaBaaaBBaaaaa aaa aaa aaaaa a aaaaaa a 

r.aaaaaaaaaaaaaaaa aaa aaa aaaaa a aaaaaa a 


I 23456789 10 

POWER OUTPUT (P 0 ) — WATTS 

92CS-3I 104 


Fig. 6 - Efficiency of audio power amplifier as 
a function of output power. 

Application 



Fig. 7 - Total supply current as a function of 
output power. 


The maximum power dissipation 
(Figs. 8, 9, 10, and 11) together with 
the anticipated maximum ambient 
temperature (Fig. 12) determines the 
required junction-to-ambient thermal 
resistance necessary to assure that 
the maximum chip temperature is 



2 4 6 8 ,' 0 2 

EFFECTIVE LOAD RESISTANCE (R L ) — 0 


Fig. 8 - Maximum output power as a function 
of effective load resistance. 


lower than the rated junction temper- 
ature of 150 °C. The overall thermal 
resistance can be lowered by careful 
PC board layout. As much of the cop- 
per area as possible should be ex- 
posed, and coil shields (input trans- 
former and detector tuned circuit) 
should be used to help radiate heat. 



92CS-31 105 

Fig. 10 ■ Power dissipation as a function of 
output power at Rl = 16 ohms. 



POWER OUTPUT (P 0 ) — WATTS 


Fig. 11 - Power dissipation as a function of 
output power at Rf_ - 32 ohms. 


For the required power output from 
the CA3134 (Fig. 7), the speaker im- 
pedance must be such that its cur- 
rent drain will be both within the 
capability of the power supply and 
less than the current-limiting level of 
the CA3134. To decouple the CA3134 
from the power supply and provide a 
means for preventing excessive drive 
to the speaker, a series resistor 
should be placed between the power 
supply and terminal 1. The value of 
this resistor depends upon the re- 
quired power output level for the 
worst-case power supply voltage 
condition. This resistor also reduces 
the amount of power dissipated in 
the CA3134. 



Fig. 9 - Power dissipation as a function of 
output power at Rl = 8 ohms. 



Fig. 12 - Maximum power dissipation as a 
function of ambient temperature. 
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2. Method of attaching heat sinks 
similar to the type provided 
with the CA3134GM or GQM to 
the CA3134G. First apply a 
non-conductive epoxy (Uniset 
structural adhesive or equiva- 
lent) to the top side of the plas- 
tic package. Then apply a con- 
ductive epoxy (Dupont 5504A 
or equivalent) in the hole of the 
heat sink and around the stud 
projecting from the plastic 
package. To assure good ther- 
mal conduction, use sufficient 


conductive epoxy to allow the 
excess to be forced through 
the hole when the heat sink is 
fitted over the stud. Stress ap- 
plied to the stud should be 
limited to less than 3 in-lbs 
(approximately 0.35 newton- 
meter), 15 lbs (approximately 
65 newtons) of tension, and 
100 lbs (approximately 445 
newtons) of compression. 
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Measurement of Burst ("Popcorn”) 
Noise in Linear integrated Circuits 

by T. J. Robe 


The advent in recent years of very high-gain operational 
amplifiers operating in the 1/f noise-frequency spectrum has 
placed emphasis on the need for very low-noise devices. This 
need is particularly true for operational amplifiers which 
have either low-offset characteristics and/or offset-null 
capability. 

The traditional methods used to select such devices 
involve the measurement of either spot or wideband (=« 1 0 
kHz) noise figures in the 1/f frequency range (10 Hz to 10 
kHz) at various source resistances. This type of measurement, 
however, only provides an indication of the average noise 
power at the measurement frequency and does not reveal the 
burst (“popcorn”) noise characteristics of the Device Under 
Test (DUT). The metering circuits cannot respond fast 
enough to measure the effects of burst-noise. Fig. la shows a 
photograph of typical burst-noise as a function of time for an 
operational amplifier having poor burst-noise characteristics. 
This photo illustrates burst-noise which is characterized by 
random abrupt output voltage-level changes that persist for 
periods from approximately 1/2 millisecond to several 
seconds. Additionally, the random rate at which the bursts 
occur ranges from approximately several hundred per second 
to less than one per minute. Furthermore, these rates are not 
necessarily repetitive and predictable. Consequently, the 
nature of burst -noise prevents its measurement by means of 
the standard averaging techniques. Instead, a technique to 
detect individual bursts must be used and a DUT must be 
under observation for a period in the order of 10 seconds to 
one minute. Fig. lb shows a photo of the output of a 
virtually burst noise-free operational amplifier, the 
RCA-CA6741T. 

Test Configuration 

Some of the major questions relevant to the type of test 
required are : 

1. What characteristics of the burst-noise should be 

detected? 

2. What test-circuit configuration is most suitable to detect 

these characteristics? 


of burst duration is not a prime necessity. 

The rate of occurrence, on the other hand, as measured 
by the burst-count in a given test period could conceivably 
be considered as a variable of prime importance in the 
selection process. For instance, a burst-rate of 100 per 
second is clearly objectionable in almost any low-level 
low-frequency application, whereas the occurrence of only 
one low-amplitude burst in a one-minute period might be 
quite acceptable. Consequently, it is desirable to include 
flexibility in the testing system so that “Pass-Fail” criteria 
can be established on the basis of burst-noise count in some 
prescribed period of time. The test equipment described 
herein detects total noise (1/f noise plus burst noise) bursts 
with amplitudes above a preset threshold level during a given 
test period and allows acceptance or rejection on the basis of 
the number of noise voltage excursions beyond the threshold 
level, in the selected test period. 

Another factor to be considered is the bandwidth of the 
test system. Excessive bandwidth allows the normal “white” 
noise of the terminating resistors and the DUT to obscure 
burst-noise occurrences and does not realistically simulate 
the low-frequency applications in which burst-noise is 
particularly objectionable. On the other hand, a test circuit 
having excessively narrow bandwidth prevents detection of 
the shorter-duration bursts (» 1/2 ms) even if their 
amplitude is relatively high. A suitable compromise is chosen 
in which the system rise time permits a burst of “minimum” 
duration to reach essentially its full amplitude. Because the 
rise time and bandwidth of an amplifier are related by the 
equation: 



tr 


the minimum bandwidth to detect a 0.5 ms burst is 
approximately: 



Consequently, a 1 kHz bandwidth has been selected as a 
reasonable one for a burst-noise test system and, therefore, 
prescribes the need for a low-pass filter in the system. 

The test requirements outlined above can be imple- 
mented with the following circuit elements shown in the 
block diagram of Fig. 2a. Fig. 2b shows the complete system 
schematic : 

1 . A fixed high-gain amplifier incorporating the DUT as the 
first stage to amplify the microvolt-level burst to an 
easily detectable level (this should be a burst noise-free 
unit); 

2. A low-pass filter to limit the test bandwidth to 
approximately 1 kHz, 

3. A comparator to produce a fast-rise high-level single- 
polarity output pulse whenever an input burst-noise 
pulse (of either polarity) exceeds a preset (but adjust- 
able) threshold level; 

4. A counter to tally the number of pulses emanating from 
the comparator during the test period: a single decade 
counter is adequate. 

5. A latch circuit which trips to the “latched” state when 
the count exceeds a preselected number (e.g. 1 to n). The 
latch circuit, if tripped, energizes an indicator lamp. 

6. A timer to control the period over which the counter is 
enabled. It should incorporate the capability to reset 
both the counter and the latch circuit at the beginning of 
each test period. 

7. Power supplies for the DUT and other auxiliary circuits. 


Test Conditions 

Some of the conditions which affect the burst-noise 
performance of the DUT include bias-level, source resistance 
(Rs), and ambient temperature Oa). 

The quiescent operating conditions in operational 
amplifiers are normally set by the magnitude of the positive 
and negative supplies. Many of the newer Op-Amp types, 
however, have bias-terminals into which fixed currents can be 
injected to set their performance characteristics. The 
RCA-CA3060, CA3080, and CA3080A Operational Trans- 
conductance Amplifiers (OTA’s) and; the RCA-CA3078 and 
CA3078A Micropower Op-Amps are examples of such 
devices. For best low-frequency and burst-noise performance, 
these amplifiers should be operated at the lowest bias 
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Fig. 1— (a) Photo of output waveforms for amplifier with 
poor burst-noise characteristics; (b) photo, of output 
waveform for the RCA-CA6741T. 


3. What are the “Pass-Fail” criteria? 

There are three major characteristics of the noise burst 
which have an impact on the suitability of a device from the 
standpoint of applications: burst amplitude, duration, and 
rate of occurrence. Of these, burst-amplitude and rate of 
occurrence are of primary interest to potential users of a 
particular device. Long duration bursts (of sufficient ampli- 
tude) seriously degrade the performance of dc amplifiers; 
however, suitable devices could be selected by the rejection 



of any unit which produced even one burst during some 

prescribed test period. Therefore, an absolute measurement Fi 9- 2a ~ Block diagram of burst-noise test set-up. 
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Fig. 2b- Complete schematic diagram for burst noise test-set 


currents consistent with the gain-bandwidth requirements of 
the particular application. 

In the test for burst noise, the source resistance (Rs) seen 
by the input terminals of the DUT, is a key test parameter. 
Burst noise causes effects which are equivalent to a spurious 
current-source at the device input and, therefore, burst-noise 
current generates an equivalent input noise-voltage in 
proportion to the magnitude of the source resistance through 
which it flows. Accordingly, to increase the sensitivity of the 
test system, it is desirable to use the highest source resistance 
consistent with the input offset-current of the DUT. For 
example, an Op-Amp which has 0.1 pA input offset current 
could realistically be tested with source-resistance in the 
order of lOOKft (10 mV input offset), whereas a 1 M£2 
source-resistance (100 mV input offset) could cause excessive 
offset in the output. For 741 type Op-Amps a lOOkn 
resistance is recommended. 

Burst-noise generation in amplifiers is usually more 
pronounced at lower temperatures (particularly below 0°C). 
Consequently, consideration must be given to the tempera- 
ture of the DUT in relation to the temperature range under 
which the device is expected to perform in a particular 
operation. 

A test parameter of importance is the time duration of 
observation. Because the frequency of burst-noise occurrence 
is frequently less than once every few seconds, the minimum 
test period should be in the range of from 15 to 30 seconds. 


Pass- Fail Criteria 

A test system built to accommodate the test philosophy 
outlined above has the ability to reject or pass a DUT on the 
basis of two variables: burst-amplitude and the frequency of 
burst occurrence. The burst-amplitude which will trip the 
counter can be no lower than the background 1/f noise peaks 
of burst-free units, otherwise normal background noise will 
fail the DUT. 


The background noise peaks depend on the source 
termination Rs, the wide band 1/f noise figure of the DUT, 
and the test system bandwidth. A good estimate of the 
normal background noise-peak levels can be computed from 
the definition of noise factor and an empirically determined 
noise-crest factor of approximately 6:1. The crest-factor is 
the ratio of the maximum peak-noise voltage to the RMS 
noise voltage. The noise factor is defined as the ratio of the 
total noise power at the amplifier output to the output-noise 
power due to the source resistors alone. In terms of the RMS 
noise voltages at the input terminals of the amplifier this is 
equivalent to: 


Noise Factor (F) 


E 2 input noise total _ (EntO 2 
E 2 noise source resist "(Enrs ) 2 


E NTi is the total input noise-voltage, i.e., the sum of noise 
generated in the source termination resistance and noise 
generated by the DUT. 

EnRs is that part of E^Ti due t0 Rs alone. 


Therefore, E NTi = (>/F) (E NRs ). 


Ej^rs can be computed by using the well known expression 
for “white-noise” generated across the terminals of a resistor 
(R): 

E NR (RMS) = V4kTBft (3) 

where k = Boltzmans Constant = 1.372 x 10 -23 j/°K 

T = Absolute Temperature in °K 
B = Noise Bandwidth in Hz 
R = Value of the resistor in ohms. 


Thus, at a room temperature of 290°K 

E NR (RMS) = 1 .28 x lO' 10 VBR 

For example, a 100 k£2 resistor preceding a system with a 
bandwidth of 1 kHz will generate a noise-voltage of 

(1.28 x 10* 10 ) (v/lO 3 • 10 5 ) = 1.28 fiVj^s 


Both inputs of an Op-Amp are usually terminated in Rs, 
hence it is necessary to combine the effects of both resistors 
to determine the effective Ejq Rs at the input of the DUT. 
Because the noise voltages from these two resistors are 
uncorrelated their voltages must be added vectorally rather 
than algebraically. 


e NRs (effective) = V (E NRsl ) 2 + (E NR$2 )2 (4) 

because E nr$ j = E NRs2> when R^ = R^ 

e NRs (effective = (\/2) (E NRs ) 

and for 1 kHz bandwidth at 290°K 

e NRs (effective) = (v/T) ( 1 .28 pV) = 1 .8 1 pV 

If in this example, the DUT has a wideband 1/f noise figure of 
4 dB (2.5:1 power ratio) the total RMS background 
noise-voltage at the input will be 

E NTi = (VP) ( e NRs) ( from ec l-( 2 )) 

= (V2 75) (1.81) = 2.9 ^Vrms 
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LOW PASS FILTER 

(PASS8AN0 BELOW IkHz) 



COMPARATOR 


Fig. 3— Schematic diagram of high-gain amplifier/filter. 


If a crest factor of 6:1 is assumed, the peaks of the 
background noise will be approximately (6) (2.9) - \1 p\ 
peak. This voltage is the lower limit of the burst-amplitude 
rejection level. A reasonable threshold for burst detection 
and rejection might be 50-100% greater than this minimum 
value. 

An alternate method used to set the burst-threshold limit 
involves a direct measurement (at the output of the high gain 
amplifier-filter combination) using a storage oscilloscope or a 
“true RMS” voltmeter. By this method the noise peak or 
RMS noise voltage of burst-free units is determined. This 
measurement provides a good practical check on the 
accuracy of the computation outlined above. Selection of the 
acceptable number of burst counts in the test period is 
arbitrary, but dependent on the type of application intended 
for the DUT. To be acceptable in some critical applications, 
the DUT may not generate even a single burst-pulse in a 
relatively long period of time. 

Burst-Noise Test System Circuits 

1. High gain Amplifier - Filter 

Fig. 3 shows the schematic diagram of the high-gain 
amplifier-filter which provides a fixed gain of 80 dB with a 
12 dB octave roll-off above 1 kHz. The gain-function is 
somewhat arbitrarily distributed between the DUT and 
post-amplifier: 30 dB and 50 dB respectively. This distri- 
bution is based on the need for sufficient gain in the DUT 
portion to eliminate significant noise-signal contributions 
from the second stage while simultaneously allowing ade- 
quate loop-gain in each stage to provide accurate gain-setting 
with precise external resistors. The first stage is shown as a 
plug-in module so that any type of DUT configuration having 
30 dB gain can be tested. 

The capacitive coupling employed provides a low 
frequency cutoff of about 1 Hz and eliminates the need for 
dc-offset zero-adjustments. The dc offset-voltage at the filter 
output is less than 5 mV which corresponds to less than 

0.5 juV error when referred to the noise input (an 80 dB gain 
is assumed.) Several seconds must be allowed, however, for 
the DC operating point to stabilize after the power is applied 
to the DUT. 

2. Bi-Polarity Comparator 

Fig. 4 shows the schematic diagram for the threshold- 
detecting comparator. Because bursts of either polarity must 
be detected and converted to positive output pulses, two 
comparators are required: one having a positive-threshold 
reference and the other having a negative-threshold reference 
of equal magnitude. The RCA CA3060 triple OTA is 
convenient to use because a single package provides circuits 
for both comparators plus a reference inverter for the 
negative threshold reference. The positive feedback provided 


by the Rf and Rj connections produces a hysteresis effect 
with reference to the input switching threshold, (i.e M the 
comparator does not return to its quiescent state until the 
input noise signal drops well below the initial threshold 
trip-level). This feature is necessary to prevent multiple 
triggering by the background noise signals superimposed on 
top of the burst-noise pulse. By this means, multiple 
counting of a single burst-noise pulse is avoided. 

The magnitude of the threshold reference voltage Er 
determines the burst-level which trips the comparator. If a 
voltage gain of 80 dB is provided by the amplifiers, a 200 mV 
reference voltage will enable the circuit to be triggered when 
a burst-noise pulse (whose amplitude is equivalent to the 
level of 20 juV referred to the DUT input) is present. 

3. Counter-Latch-Timer Control Circuits 

The remaining circuits of the go-no-go burst-noise tester 
are shown in Fig. 5. The decade-counter is incorporated in a 
single COS/MOS 1C (RCA CD4017AE) which has clock, 
reset, and enable inputs, and an output terminal for each of 
ten count-positions (0 to 9). A carry-out signal is available if 
the use of more than a single decade is desired. The clock 
input-signal must be positive-going and have a magnitude of 


at least 70% of the supply-voltage and rise-time equal to or 
less than 15 ps. The comparator shown in Fig. 4 provides an 
output signal which meets these requirements. 

Selection of the reject count is made by a pin-jack 
connection of the latch-circuit input-lead to the appropriate 
output terminal of the counter. Whenever the selected 
count-position voltage goes “high” the latch-circuit is 
switched to the latched-state, and the fail-indicator lamp 
“on”. The latch and lamp will remain “on” until the reset 
button of the electronic timer is switched to the “Timer On” 
position. This action provides a momentary reset signal (« 
20 ms) to both the latch and counter circuits and places a 
continuous enable voltage on the counter for the duration of 
the test period. 

Spurious Noise Sources and Their Suppression 

The very low voltage levels and the high source 
impedances normally used for burst testing render the system 
highly susceptable to external spurious noise sources. This 
problem is particularly serious if a test unit is going to be 
rejected for as little as one or two input burst-noise pulses 
exceeding 20-30 pV. The major sources of spurious noise 
encountered in the development of this test system were: 

1 . 60-Hz hum pickup, 

2. power supply transients, 

3. electromagnetic pick up of switching transients. 

60-Hz hum is introduced by capacitive or inductive cou- 
pling or as power-supply ripple. Power-supply ripple is not 
normally a problem when testing operational amplifiers 
with regulated supplies, because the Op Amps generally have 
good power-supply rejection. This source of noise must be 
considered, however, when testing devices that do not have 
good inherent power-supply rejection. Capacitive or induc- 
tive coupling of hum can occur when 60-Hz line cord leads 
are within a few inches of the input terminals of the DUT. 
Precautions, such as proper lead dress and twisting of the 
60-Hz leads, eliminate this problem. 

Power-supply transients, as distinguished from power- 
supply ripple, can be of sufficient amplitude to introduce 
de,ectable noise pulses at the operational amplifier input. 
Such transients are produced when other equipment on the 
same ac line is switched on or off. A typical power-supply 
rejection ratio for an operational amplifier is 50 pV/V (i.e. a 
1 volt transient on the power-supply is equivalent to a 50 pV 
noise pulse at the DUT input). This example demonstrates 
that the test system cannot tolerate power-supply transients 
greater than approximately 100 mV even when testing units 
with good power-supply rejection. Unless the power-supply is 
known to be free of such transients, a battery-operated 
system is recommended. Even when this system is battery- 
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operated, “On-Off* switching of nearby equipment intro- 
duces detectable transients into the system. These problems 
are eliminated by placing the test circuitry in a completely 
shielded enclosure with a hinged top for easy access to the 
test unit. The external noise problem is best solved by use of 
a shielded enclosure and by use of a battery-operated 
power-supply contained within the enclosure. Fig. 6 shows a 
photo of the circuit board layouts of the test unit. 



IMGM-6A1N AMPUFIER/FILTER 
BI-POLARITY COMPARATOR 
DECADE COUNTER 

latch caicurr 



Fig. 6— Photo of circuit-board layout. 


Fig. 5- Counter-latch-timer-control circuit schematic. 
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AN-3193 9 pages 

Application Considerations for the RCA-3N128 
VHF MOS Field-Effect Transistor 

This Note describes applications and vhf 
circuit considerations for a high-frequency n- 
channel MOS field-effect transistor, the RCA 
3N128. Biasing requirements and basic circuit 
configurations are discussed, and selection of 
the optimum operating point and methods of 
automatic gain control are explained. The cross- 
modulation and intermodulation distortion 
characteristics of the 3N128 MOS transistor are 
compared to those of bipolar transistors, and 
procedures are given for the design of a practical 
vhf amplifier that uses the 3N128. 

AN-3341 3 pages 

VHF Mixer Design Using the RCA-3N128 MOS 
Transistor 

The 3N128 is a vhf MOS field-effect tran- 
sistor suitable for use throughout the vhf band 
(30 to 300 MHz) as an amplifier, mixer, or 
oscillator. This Note discusses some of the de- 
sign criteria pertinent to the construction of 
MOS mixers, and presents an example of a 
complete vhf MOS converter. 

AN-3452 7 pages 

Chopper Circuits Using RCA MOS Field-Effect 
Transistors 

Although electromechanical relays have long 
been used to convert low-level dc signals into 
ac signals or for multiplex purposes, relays are 
seriously limited with respect to life, speed, 
and size. Conventional (bipolar) transistors 
overcome the inherent limitations of relays, 
but introduce new problems of offset voltage 
and leakage currents. This Note describes the 
use of MOS field-effect transistors in solid- 
state chopper and multiplex designs that have 
the long life, fast speed, and small size of 
bipolar-transistor choppers, but that eliminate 
their inherent offset-voltage and leakage-current 
problems. 

AN- 345 3 6 pages 

An FM Tuner Using an RCA-40468 MOS- 
Transistor RF Amplifier 

This Note describes an FM tuner that in- 
corporates an MOS field-effect transistor as the 

rf amplifier, and shows how the MOS transistor 
is instrumental in minimizing the spurious 
responses normally found in FM receivers. 

AN-3535 6 pages 

An FM Tuner Using Single-Gate MOS Field- 
Effect Transistors as RF Amplifier and Mixer 

Selection of the transistors for use in FM- 
tuner stages involves consideration of such 
device characteristics as spurious response, dy- 
namic range, noise immunity, gain, and feed- 
through capacitance. MOS fieldeffect transistors 
are especially suitable for use in FM rf-amplifier 
and mixer stages because of their inherent 
superiority for spurious-response rejection and 
signal-handling capability. This Note describes 
an FM tuner that uses an RCA-40468 MOS 
transistor as the rf amplifier and an RCA-40559 
MOS transistor as the mixer. 

AN-4018 5 pages 

Design of Gate-Protected MOS Field-Effect 
Transistors 

MOS (metal-oxide-semiconductor) field- 
effect transistors are in demand for rf-amplifier 
applications because their transfer characteris- 
tics make possible significantly better perfor- 
mance than that experienced with other solid- 
state devices. Unless equipped with gate protec- 
tion, however, MOS transistors require care- 
ful handling to prevent static discharges from 
rupturing the dielectric material that separates 
the gate from the channel. This Note describes 
the design of dual-gate MOS field-effect tran- 


sistors that use a built-in signal-limiting diode 
structure to provide an effective short circuit 
to static discharge and limit high potential 
buildup across the gate insulation. 

AN-4125 7 pages 

MOS/FET Biasing Techniques 

Field-effect transistors are applied in rf 
amplifiers and mixers, if and audio amplifiers, 
electrometer and memory circuits, attenuators, 
and switching circuits. The dual-gate MOS/FET 
appears to be particularly useful in rf stages 
because of low feedback capacitance, high 
transconductance, and superior cross modula- 
tion with automatic-gain-control capability. The 
rules for biasing FET’s vary slightly depending 
on type. However, most possibilities are cover- 
ed in this Note through examination of the 
biasing of a single-gate, a junction-gate, and a 
dual-gate transistor. Substrate biasing and bias- 
ing to compensate for temperature variations 
are also discussed. 


AN-4590 16 pages 

Using MOS/FET Integrated Circuits in Linear 
Circuit Applications 

A brief review of MOS/FET IC device 
theory is given, and some linear circuit applica- 
tions are surveyed. Theory discussed includes 
gate protection and electrical requirements. 
Applications include choppers, attenuators, 
constant-current sources, general-purpose ampli- 
fier circuits, and rf amplifiers, oscillators, and 
mixers. 


ICAN-4072 8 pages 

Applications of the RCA-CA3048 Integrated- 
Circuit Amplifier Array 

The RCA-CA3048 integrated circuit, an array 
of four identical amplifiers, each with independ- 
ent inputs and outputs, all on a single mono- 
lithic silicon chip, has an operating and storage 
temperature range of -25°C to +85°C. Each 
amplifier in the low-noise array has a typical 
open-loop gain of 58 dB and input impedance 
of 90,000 ohms. The gain-frequency response, 
stability, output swing versus supply voltage, 
and noise of the device are discussed. Circuit 
applications include Hartley and Colpitts Oscil- 
lators, astable multivibrators, a 4-channel linear 
mixer, a driver for a 600-ohm balanced line, 
and a gain-controlled amplifier. 

ICAN-5015 15 pages 

Application of the RCA-CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers 

This Note describes the circuit arrangement, 
lists the performance characteristics, explains 
the major design considerations, and discusses 
typical applications of the CA3008 and CA3010 
operational amplifiers. These amplifiers are sili- 
con monolithic integrated circuits designed to 
operate from two symmetrical low- or medium- 
level dc power supplies (at supply voltages in 
the range from ±3 volts to *6 volts). 


ICAN-5022 26 pages 

Application of the RCA-CA3004, CA3005, and 
CA3006 Integrated-Circuit RF Amplifiers 

The CA3004, CA3005, and CA3006 rf am- 
plifiers are discussed. These silicon-epitaxial 
monolithic integrated circuits are designed to 
operate from low. or medium levels of dc supply 
voltage, over a range of ambient temperatures 
from -55°C to +125°C, and at frequencies 
from dc to 100 MHz. They may be used with 
external tuned-circuit, transformer, or resistive 
load impedances to provide wide- or narrow- 
band amplification, mixing, limiting, product 
detection, frequency generation, and generation 
of pulse or digital waveforms. 


ICAN-5030 11 pages 

Application of the RCA-CA3000 Integrated- 
Circuit DC Amplifier 

This Note describes the RCA-CA3000 dc 
amplifier, a stabilized and compensated differen- 
tial amplifier that has push-pull outputs, high- 
impedance (0.1-megohm) inputs, and gain of 
approximately 30 dB at frequencies up to one 
MHz. Its useful frequency response can be in- 
creased to several tens of megahertz by the use 
of external resistors or coils. The CA3000 can 
be used as a signal switch (with pedestal), a 
squelchable audio amplifier (with suppressed 
switching transient), a modulator, a mixer or a 
product detector. When suitable external com- 
ponents are added, it can also be used as an 
oscillator, a one-shot multivibrator, or a trigger 
with controllable hysteresis. 


ICAN-5036 9 pages 

Application of the RCA-CA3002 Integrated- 
Circuit IF Amplifier 

The RCA-CA3002 integrated-circuit if ampli- 
fier described in this Note is a balanced differen- 
tial amplifier that can be used with either a 
single-ended or a push-pull input and can pro- 
vide either a direct-coupled or a capacitance- 
coupled single-ended output. Its applications 
include RC-coupled if amplifiers that use the 
internal silicon output-coupling capacitor, video 
amplifiers that use an external coupling capaci- 
tor, envelope detectors, product detectors, 
and various trigger circuits. 


1CAN-5037 4 pages 

Application of the RCA-CA3007 Integrated- 
Circuit Audio Amplifier 

This Application Note describes the RCA- 
CA3007 audio driver, a balanced differential 
configuration with either a single-ended or a 
differential input and two push-pull emitter- 
follower outputs. The circuit features all-mono- 
lithic silicon epitaxial construction, and is 
intended for use as a direct-coupled driver in a 
class B audio amplifier which exhibits both 
gain and operating-point stability over the tem- 
perature range from -55 to 1 25°C. 

IC AN-5038 8 pages 

Application of the RCA-CA3001 Integrated- 
Circuit Video Amplifier 

The CA3001 silicon monolithic integrated 
circuit is designed for use in intermediate- 
frequency or video amplifiers at frequencies up 
to 20 Mil/, and in Schmitt-trigger applications. 
This integrated circuit can be gated, and gain 
control can be applied. The CA3001 incorpor- 
ates all-monolithic silicon epitaxial construction 
designed for operation at ambient temperatures 
from 55 to 1 25°(\ balanced differential- 
amplifier configuration with low-impedance 
double-ended input, and a built-in temperature- 
compensating network for gain or dc operating- 
point stability over, the temperature range from 
55 to 1 25°C. 

ICAN-5213 6 pages 

Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers 

The integrated-circuit operational amplifiers 
CA3015 and CA3016 are identical in circuit 
configuration to the CA3008 and CA3010, but 
have an improved device breakdown voltage 
that permits operation from + 12-volt supplies 
as w'ell as from +6 volt or ±3 volt supplies. 
This Note describes the operating characteristics 
of the CA3015 and CA3016 at +12 volts, and 
discusses applications that take advantage of the 
higher gain-bandwidth product and increased 
output signal swing obtained at the higher 
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voltages: a 50-dB amplifier; a 10-dB, 42-MHz 
amplifier; a tvvin-T bandpass amplifier; a 20-dB, 
10-MHz bandpass amplifier; and a voltage- 
follower. 


ICAN-5269 7 pages 

Integrated Circuits for FM Broadcast Receivers 
This Note describes several approaches to 
FM receiver design using silicon monolithic 
integrated circuits. The tuner section is described 
first, and then the if-amplifier and detector 
sections. Performance characteristics are describ- 
ed where applicable. The FM receivers discussed 
are designed for use from a +9-volt supply. 
The key to design simplicity is the use of the 
RCA multifunction integrated circuits CA3005, 
CA3012, and CA3014. The CA3005 may be 
used as a cascode rf amplifier, a differential rf 
amplifier, a mixer-oscillator, and an if amplifier; 
the CA3012 and CA3014 perform if amplifica- 
tion, limiting, detection, and preamplification. 


ICAN-5296 5 pages 

Application of the RCA-CA3018 Integrated- 
Circuit Transistor Array 

The CA3018 integrated circuit consists of 
four silicon epitaxial transistors produced by a 
monolithic process on a single chip mounted in 
a 12-lead TO- 5 package. The four active devices, 
two isolated transistors plus two transistors with 
an emitter-base common connection, are es- 
pecially suitable for applications in which 
closely matched device characteristics are re- 
quired, or in which a number of active devices 
must be interconnected with non-integrable 
components such as tuned circuits, large-value 
resistors, variable resistors, and microfarad by- 
pass capacitors. Such areas of application include 
if, rf (through 100 MHz), video, age, audio, and 
de amplifiers. 

1CAN-5299 6 pages 

Application of the RCA-CA3019 Integrated- 
Circuit Diode Array 

The CA3019 integrated circuit diode array 
provides four diodes internally connected in a 
diode-quad arrangement plus two individual 
diodes. Its applications include gating, mixing, 
modulating, and detecting circuits. Because all 
the diodes are fabricated simultaneously on a 
single silicon chip, they have nearly identical 
characteristics, and their parameters track each 
other with temperature variations. Consequent- 
ly, the CA3019 is particularly useful in circuit 
configurations that require either a balanced 
diode bridge or identical diodes. 


ICAN-5337 10 pages 

Application of the RCA-CA3028A and CA- 
3028B Integrated-Circuit RD Amplifiers in the 
HF and VHF Ranges 

The CA3028A and CA3028B monolithic- 
silicon integrated circuits are single-stage dif- 
ferential amplifiers intended for service in 
communications systems operating at frequen- 
cies up to 100 MHz with single power supplies. 
This Note provides technical data and recom- 
mended circuits for use of the CA3028A and 
CA3028B in rf amplifiers, autodyne converters, 
if amplifiers, and limiters. The CA3028A and 


CA3028B are suitable for use in a wide range 
of applications in dc, audio, and pulse amplifier 
service; they have been used as sense amplifiers, 
preamplifiers for low-level transducers, and dc 
differential amplifiers. 


ICAN-5338 14 pages 

Application of the RCA-CA3021, CA3022, and 
CA3023 Integrated-Circuit, Wideband Amplifiers 
The CA3021, CA3022, and CA3023 inte- 
grated circuits are multipurpose high-gain am- 
plifiers designed for use in video and AM or FM 
if stages in single-power-supply systems. Specifi- 
cally, they can be used in video amplifiers 
operating at frequencies through 30 MHz, AM 
and FM if amplifiers, and buffer amplifiers in 
which an isolation capability greater than 60 
dB at 1 MHz is desired. 


ICAN-5380 7 pages 

Integrated - Circuit Frequency - Modulation if 
Amplifiers 

The discussion in this Note shows that the 
simplest approach i to the use of theCA3012 
and CA3028 integrated circuits in FM if-ampli- 
fier strips is to replace each stage in present 
discrete-transistor if strips with a differential 
amplifier. This integrated-circuit approach re- 
quires a minimum of re-engineering because a 
cascade of individually tuned if stages is used. 
From a performance point of view, this ap- 
proach results in better AM rejection than that 
obtained with discrete circuits because of the 
inherent limiting achieved with the differential- 
amplifier configuration. 


ICAN-5766 8 pages 

Application of the RCA-CA3020 and CA3020A 
Integrated-Circuit Multipurpose Wideband 
Power Amplifiers 

The CA3020 and CA3020A integrated cir- 
cuits are multipurpose, multifunction power 
amplifiers designed for use as power-output 
amplifiers and driver stages in portable and 
fixed communications equipment and in ac 
servo-control systems. The flexibility of these 
circuits and the high-frequency capabilities of 
the circuit components make these types suit- 
able for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and 
video line drivers. Voltage gains of 60 dB or 
more are available with a 3-dB bandwidth of 
8 MHz. Applications covered include audio, 
wideband, and driver amplifiers. 


ICAN-5831 5 pages 

Application of the RCA-CA3044 and CA3044VI 
integrated Circuits in Automatic-Fine-Tuning 
Systems 

This Note describes the use of the CA3044 
and CA3044VI integrated circuits as automatic 
fine-tuning (AFT) system components and dis- 
cusses the advantages of integrated circuits in 
this application. The CA3044VI is electrically 
identical to the CA3044, but is supplied with 
formed leads for easier printed-circuit-board 
mounting. The construction and performance 
of a typical automatic-fine-tuning system for a 
color television system are examined. 


ICAN-5841 4 pages 

Feedback-Type Volume-Control Circuits for 
RCA-CA3041 and CA3042 Integrated Circuits 

This Note describes feedback-type volume 
controls for use with RCA-CA3041 and CA3042 
integrated circuits in television receivers. In 
television sets using these integrated circuits, 
the volume control is often located remote 
from the amplifier. The long leads required in 
such a configuration sometimes pick up undesir- 
able signals that, in turn, cause the system to 
exhibit hum and noise at low volume levels. 
The proposed feedback-type volume control 
reduces hum and noise pick-up by reducing the 
gain of the system rather than the signal level, 
and thus eliminates the cost of shielding the 
leads. 


ICAN-6259 10 pages 

Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator 

The CA3090AQ integrated-circuit provides 
features heretofore unavailable to the receiver 
designer. This device needs only a single tuning 
adjustment, which reduces to a minimum the 
manual effort during assembly; the phase-locked 
loop maintains performance under conditions 
of temperature variations, humidity, and aging. 
The compactness of the CA3090AQ and of the 
required external components, added to the 
other attributes, makes this stereo decoder a 
significant advancement in the state of the art 
of stereo decoder designs. 


ICAN-6302 9 pages 

Description and Application of the RCA- 
CA3120E Integrated-Circuit TV-Signal Processor 

The CA3120E is a 16-pin, dual-in-line- 
monolithic-silicon integrated circuit that pro- 
cesses a video signal and provides the following 
outputs: non-inverted video output; noise- 

processed, inverted video output; dual-polarity, 
composite synchronization signals; and auto- 
matic gain-control signals (age). The IC, which 
can be used in color or monochrome TV 
receivers, requires a single-polarity power supply 
(positive) and includes impulse noise inversion 
and delay circuits that reduce the deleterious 
effects of impulse noise in the receiver age and 
synchronization (sync) circuits. Standard age 
strobing techniques are also used. The age and 
impulse-noise thresholds are automatically set 
and require no controls. The if maximum-gain 
bias and the tuner age delay may be adjusted 
for optimum TV-receiver performance; the 
time constant for the sync-separator input can 
also be optimized by the set designer. 


ICAN-6724 8 pages 

A Flexible Integrated-Circuit Color Demodu- 
lator for Color Television 

This Note describes the circuit operation 
and application of the CA3067 in a color tele- 
vision receiver. The CA3067, which is supplied 
in a quad-in-line 16-lead plastic package, pro- 
vides the following color-demodulator circuit 
functions: amplification, balanced chroma de- 
modulation, dc-operated tint (phase) control, 
and zener-diode voltage regulation. 
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RCA Sales Offices 


Argentina . . . 

. . .RCA SAIC, Calle Parol SSI AN 

3930, Buenos Aires 

70-4171 

Belgium 

. . .RCA a.a., Rue De LaFusee 100, 

1130 Brussel Bruxelles 

02/7208980 

Brazil 

. . .RCA Eletronlca Ltda., Solid 
State, Av. Iplranga 1097-11 # , 

Andar, Sao ?aulo 

229-6658 

Canada 

. . .RCA Ltd., 6303 30th St. 

S.E., Calgary, Alberta T2C 1 R4 

RCA Ltd., 21001 No. Service 
Rd. Trans-Canada Highway, 

St. Anne de Bellevue, 

Quebec, H9X3L3 

RCA Ltd., 1 Vulcan Street, 

Rexdale, Ontario M9W 1L3 

. . . .(403)273-1815 

. . . .(514)457-9000 
. . . .(416)247-5491 

France 

. . .RCA s.a., 32 Rue Fessart, 


92100 Boulogne 

6038787 

Germany 

. . .RCA GmbH, Justus-von Liebig- 

Ring 10, 2085 Quickborn b. Hamburg . . 
RCA GmbH, Llnprunstrasse 23, 

04108/2001 


8000 Munchen 2 

.. .089-526031-33 


RCA GmbH, Zeppelinstrasse 35, 

D-7302 Ostfildern 4 

. . .0711/454001/4 

Hong Kong . . 

. . . RCA International Ltd., 

1927 Prince’s Bldg, GPO 

Box 112 

5-234181 

Iran 

. . .RCA (Iran) Ltd., 160 Boulevard 
Elizabeth II, PO Box 12/1359, 



Tehran 

. . .651900/657410 

Italy 

. . .RCA spA, Division! Semi- 
conduttori, Piazza S. Marco 1, 



20121 Milano 

637048/051 

Japan 

...do RCA Purchasing Co., N.V. 



Fuji Bldg., 7-4 Kasumlgaseki, 
3-Chome,Chlyoda-ku, Tokyo 

581-3211 

Mexico 

...RCA, S.A. de C.V., 

Avenida Cuitalhuac 2519, 

Mexico 16, D.F 

. . . .<905)527-6020 

Spain 

...RCA, S.A., Dr Fleming 43, 

Madrid 16 

250 6955 

Sweden 

. . .RCA International Ltd., Box 3047, 
Hagai undsgaten 9, S-17103, 

Solna3 

08834225 

Taiwan 

. ..RCA, 11th Floor, International Bldg., 
No. 8, Tun Hwa North Rd., Taipei 

(02)751-8221 

UK 

. . .RCA Ltd., Solid State-Europe, 
Sunburyon-Thames, 

Middlesex TW16 7HW 

....0932785511 


Alabama 

. .RCA, Holiday Office Center, Suite 41, 
3322 So. Memorial Parkway, 

Huntsville, AL 35801 

. . .(205)881-4100 

Arizona 

. .RCA, 4227 N. Brown Ave., 

Suite 4, Scottsdale, AZ 85251 

. . . (602)947-7235 

California 

..RCA, 6363 Sunset Blvd., 


Hollywood, CA 90028 

RCA, 4546 El Camlno Real, 

. . .(213)468-4156 


Los Altos, CA 94022 

RCA, 8333 Clalremont Mesa 

. . .(415)948-8996 


Blvd., Suite 105, San Diego, CA 921 1 1 . . . 
RCA, 17731 Irvine Blvd., 

...(714)279-0420 


Suite 104, Magnolia Plaza, 

Tustln.CA 92680 

. . .(714)832-5302 

Colorado 

..RCA, 2785 N. Speer Blvd. 

Room 346, Denver, CO 80211 

. . .(303)433-8841 

Florida 

..RCA, PO Bpx 12247, 

Lake Park, FL 33403 

RCA, 1850 Lee Road, Suite 135, 

...(305)626-6350 


Winter Park, FL 32789 

...(305)647-7100 

Illinois 

. . RCA, 2700 River Road 


Des Plaines, IL 60018 

. . .(312)391-4380 

Indiana 

. . RCA, Parkwest Office Plaza, 

3811 Illinois Rd., Suite 4000, 

Fort Wayne, IN 46804 

RCA, 2511 E. 46th St., Suite 
Q-1, Atkinson Square, 

. . .(291)432-1589 


Indianapolis, IN 46205 

. . .(317)267-6375 

Kansas 

.RCA, 5750 W. 95th St. Suite 111, 
Overland Park, KS 66207 

. . .(913)642-7656 

Massachusetts . 

.RCA, 109 Highland Avenue, 


Needham Heights, MA 02194 

...(617)444-7200 

Michigan 

.RCA, 30400 Telegraph Rd., 

Suite 440, Birmingham, Ml 48010 

. . .(313)644-1151 

Minnesota 

.RCA, 6750 France Ave. S., 

Suite 122, Minneapols, MN 55435 

. . .(612)929-0676 

New Jersey 

.RCA, 1998 Springdale Rd., 

Cherry Hill, NJ 08003 

. . .(609)338-5042 


RCA, 67 Walnut Ave., 

Clark, N J 07066 

. . .(201)685-6090 

New York 

.RCA, 160 Perinton Hill Office Park, 

Fairport, NY 14450 

RCA, One Huntington Quadrangle, 

. . .(716)223-5240 


Suite 2C14, Huntington 

Station, LI, NY 11 746 

. . .(516)293-0180 

Ohio 

.RCA, 29525 Chagrin Blvd. 

Pepper Pike, OH 44122 

. . .(216)831-0030 

Texas 

.RCA Center, 8700 Stemmons 
Freeway, Dallas, TX 75247 

. . .(214)638-6434 

Virginia 

.RCA, 1901 N. Moore St., 

Arlington, VA 22209 

. . .(703)558-4161 
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Arizona C.T. Carlberg Associates, 

4236 North Brown Ave., 

Scottsdale, A Z 85251 (602)277-2808 

California Bestronlcs (San Diego Area) 

7827 Convoy Court, Suite 407, 

San Diego, CA 921 11 (714)278-2150 

Colorado Waugaman Associates, Inc. 

4800 Van Gordon, 

Wheatridge, CO 80033 (303)423-1020 

Delaware Thomas Associates, Inc., (See New Jersey) 

Florida G.F. Bohman Associates, 

5104 No. Orange Blossom 
Trail, Suite 115, Rosemont Bldg. 


Orlando, FL 32804 (305)295-5760 

G.F. Bohman Associates, 

3172 SW 27th Ave., Apt. 3, 

Miami, FL33133 (305)564-3081 

G.F. Bohman Associates, 

4511 Bayshore Blvd. NE, 

St. Petersburg, FL 33703 (813)527-0954 


Idaho Western Technical Sales, Inc., 

(No. of Boise, see Washington) 

R 2 Marketing, (E. & S. of 
Boise, see Utah) 

Illinois Kebco, (see Missouri) 

Iowa Lorenz Sales, Inc., Suite 302, 

itiuA PI970 

Cedar Rapids, IA 52402 (319)393-6912 

Kansas Kebco, 7070 West 107th St., Suite 160, 

Overland Park, KS 66204 (913)649-2168 

Louisiana Jackson Arnold Company, (see Texas) 

Michigan Nlcon Associates, 3835 W. Eight 

Mile Rd., Detroit, Ml 48221 (313)341-7688 

Minnesota Com strand, Inc., 

2852 Anthony Lane South, 

Minneapolis, MN 55114 (612)788-9234 

Missouri Kebco, 75 Worthington Drive, 

Maryland, MO 63043 (314)576-4110/4111 

Montana R 2 Marketing, (see Utah) 

Nebraska Lorenz Sales, Inc., (see Iowa) 

Nevada C.T. Carlberg Associates (Clark Co., 

see Arizona) 


New Jersey Thomas Associates, Inc., 

(So. N.J.), 12 South Blackhorse Pike (215)627-6615 

Bellmawr, NJ 08031 (609)933-2600 

New Mexico C.T. Carlberg Associates, 

PO Box 3177, Station D, 

Albuquerque, NM 87110 (505)265-1579 

New York L-Mar Associates, Inc., 

(Upstate NY), 98 Elwell Ave. 

Binghamton, NY 13901 (607)723-1513 

New York L-Mar Associates, Inc., 

(Upstate NY) PO Box 7945, 

Rochester, NY 14606 (716)328-5240 

L-Mar Associates, Inc., 

216 Tilden Drive, 

E. Syracuse, NY 13057 (315)437-7779 


North Dakota . . . Lorenz Sales, Inc., (see Iowa) 
Ohio Arthur H. Baler Company, 


67 Alpha Drive, 

Cleveland, OH 44143 (216)461-6161 

Arthur H. Baler Company, 

4940 Profit Way, 

Dayton, OH 45414 (513)276-4128 


Oregon Western Technlqal Sales, Inc., 

2271 N.E. Cornell Rd., 


Pennsylvania . . .Arthur H. Baler Company, (W. Pa., see Ohio) 
Pennsylvania . . .Thomas Associates, Inc., (E. Pa., see New Jersey) 
South Dakota . . .Lorenz Sales, Inc., (see Iowa) 

Texas C.T. Carlberg Associates, (El Paso) 


Area, see New Mexico) 

Jackson Arnold Company, 

(Austin, Houston, San Antonio 
Area), PO Box 42388, 

Houston, TX 77042 (713)981-5789 

Utah R 2 Marketing, 3688 West 2100 South, 

Salt Lake City, UT84120 (801)972-5646 

Washington Western Technical Sales, Inc., 

PO Box 3923, 

Bellevue, WA 98009 (206)641-3900 

West Virginia . . .Arthur H. Baler Company, (see Ohio) 

Wisconsin Key Enterprises, 850 Elm 

Grove Road, Elm Grove, Wl 53122 (414)784-3390 

Wyoming Waugaman Associates, Inc., (see Colorado) 
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RCA Authorized Distributors 


Argentina Eneka S.A., Tucuman 299, 

Buenos Aires 

Radiocom S.R.L., Conesa 1003, 

Buenos Aires 1426 
Technos S.R.L., Medrano 326, 

Buenos Aires 

Australia AWA Microelectronics, 

348 Victoria Road, 

Rydalmere NSW 2116 
Amtron Tyree, 176 Botany Street, 

Waterloo, New South Wales 2017 

Austria Bacher Elektronische Geraete GesmbH, 

Rotenmuhlgasse 26, A1120, 

Vienna 022/8363960 

Belgium Inelco (Belgium) SA, Avenue 

Val Duchesse 3, 1 160 Brussels 02/660 00 12 

Bolivia Marconi S.R.L., PO Box 143, 

Yanacocho Sreet 337, La Paz 
Brazil Panamerlcana S.A., Av. Rio Branco 


307, Sao Paulo 

Canada Cesco Electronics, Ltd., 4050 

Jean Talon W., Montreal 301, 

Quebec H4P-1W1 (514)735-5511 

Hamilton Avnet Int’l 
(Canada) Ltd., 2670 Paul us 
Street, St. Laurent, 

Quebec H4S-1G2 (514)735-6393 

Cesco Electronics Ltd., 

24 Martin Ross Avenue, 

Downsvlew, Ontario 

M3J-2K9 (416)661-0220 

Cesco Electronics Ltd., 1725 
Courtwood Crescent, Ottawa, 

Ontario K1Z-2B4 (613)729-5118 

Electro Sonic Inc., 1100 
Gordon Baker Road, 

Wlllowdale, Ontario (416)494-1666 

Hamilton Avnet Inti 
(Canada) Ltd. 

3688 Nasha Drive, 

Units G&H, 

Mississauga, Ontario L4V-1M5 (416)677-7432 

Hamilton Avnet Int’l 
(Canada) Ltd., 1735 Court- 
wood Crescent, Ottawa, 

Ontario K1Z-2B4 (613)226-1700 

L.A. Varah Ltd., 4742 14th 

Street, NE., Calgary, Alberta (403)276-8818 

L.A. Varah Ltd., 2077 
Alberta Street, Vancouver, 

B.C. V5Y-1C4 (604)873-3211 

L.A. Varah Ltd., 1-1823 
King Edward Street, Winnipeg, 

Manitoba R2R-0N 1 (204)633-61 90 


Chile Industrla de Radio y Television SA, 

Casilla 1407, Santiago 

Colombia Jose E. Mainlands Montoya, Apartado 

Aero 36-97, Bogota 

Denmark Tage Olsen A/S, Balierup Byvej 222, 

PO Box 225, DK-2750, 

Balierup 2-65 81 11 

Ecuador Elecom, S.A., PO Box 9611, Guayaquil 

Finland Telercas Oy, PO Box 2, 

SF-01 51 1 , Vantaa 52 821655 

France Aim ex s.a., 48 rue de I’Aubepine, 

92160 Antony 666 2112 

Radio Equlpements-Antares 
S.A., 9 rue Ernest Cognacq, 92301 

Levallois-perret Paris 758 11 11 

Tekelec-Airtronlc SA., Cite des 
Bruyeres, rue Carle-Vernet, 

92310 Sevres Paris 027 75 35 

Germany Alfred Neye-Enatechnlk GmbH, 

2085 Quickborn-Hamburg, 

Schlllerstrasse 14 4106/612-1 

Gustav Beck KG, 

Eltersdorfer Strasse 7 (Postfach 150 280), 

8500 Nurnberg 15 091 1/3 49 66 

Elkose GmbH, 

Laiblinger Weg 12 (Postfach 9), 

7141 Schwleberdlngen 07150/14-1 


Germany RTG E. Sprlngorum KG, 

Bronnerstrasse 7, 

4600 Dortmund 1 0231/4 951 

Sasco GmbH, 801 1 Putz- 
brunn/Munchen, Hermann- 

Oberth -Strasse 16 (089)465081 

Spoerle Electronic KG, 

Otto-Hahn-Strasse 13, 

6072 Dreieich 2 06103/304-1 

Greece Omma Limited, 21 Voukour- 

estiou Street, Athens 134 361 8058 

Holland Inelco Nederland b.v., Joan 

Muyskenweg 22, Amsterdam 1008 AD (020)93 48 24 

Vekano BV Daalakkersweg 2, 

Postbus 498, 4600 A1 Eindhoven 4502 040 81 09 75 

Hong Kong Gibb, Livingston and Co., PO Box 55 

India Cornel, Sandhurst Bridge, 532 

Sardar VP Road, Bombay 7 WB 

Indonesia NVPD Soerdarpo Corp., Jalan Veteran 

Satu 21-22, Jakarta 1/4 

Iran Berkeh Co., Ltd., 

1 1 , Gltl Al ley, Tehran 828294 

Israel Eastronics Limited, 11 Rozanis 

St. Tel-Baruch, PO Box 39300, 

Tel Aviv 61390 03475151 

Italy Eledra Sud, Via 6 Valmarana 63, 

00139 Roma 06-812-7324/8127290 

Idac Elettronlca SpA, Via Portello 29, 

35100 Padova 049-66022 

Last Elettronlca S.p.A., Viale 
Lombardia 6, 20092 Cinisello 

Balsamo, Milan 6173578 

Silverstar Limited, 20 Via del 

Gracchi, 20146 Milan 392/4996 

Japan Okura Trading Co., Ltd., 3-6 Ginza 

Nichome, Tokyo 104 

Korea Panwest Co., Ltd., Room 306, Sam Duk Bldg., 

131 Da-Dong, Chung-ku, Seoul 

Malaysia Edward Eu & Co. (Re) Ltd., 

193, Jalan IMBI Road, Kuala Lumpur 06-23 

Mexico Deksa, S.A., Avenlda Nuevo Leon #159, 

Mexico 11, D.F. 

Mexlcana de Bulbos, S.A., Michoacan 
No. 30, Mexico 11, D.F. 

Proveedora Electronics Industrial, SA, 

Apartado Postal 27-599, Mexico 11, D.F. 

New Zealand . . . .AWA New Zealand Ltd., 

36-44 Adlaide Rd., PO Box 830, 

Wellington 2 

Norway EGA A/S, Ulveneien 75, 

Oslo 5 22.19.00 

Paraguay Comp. Com. del Paraguay, S.A., Casilla de 

Correo 344, Asuncion 

Peru Arven S.A., Av. Jose Pardo 741 , B. 

Mlraflores, Lima 18 

Philippines Philippine Electronic Ind., PO Box 498, 

Makati, Rizal D-708 

Portugal Telectra SARL, 103 Rua Rodrigo 

da Fonseca, Lisbon 1 68 60 72/75 

Singapore Edward Eu and Co., No. 1 Orchard Rd., 9 

South Africa Allied Electric S.A. (Ry) Ltd., 

Components Division, Box 6090, 

Dunswart 1508 Transvaal 892-3155 

Spain Ataio Ingenleros SA, Enrique 

Laretta10y12, Madrid 16 215 3543 

Electrica Comercial Colominas SA, 

Division of Novolectrlc, 

Villarroel, 40, Barcelona 11 3231690 

Sri Lanka C.W. Mackle & Co., Ltd., 36 

D.R. Wljewardena Mawatha, 

Colombo 10 

Sweden Femer Electronics AB, Snoermakarvaegen 35, 

PO Box 125, S-16126, 

Bromma-Stockholm 08/80 25 40 

Lagercrantz Elektronlk KB, Kanalvagen 5, 

Upplands Vasby 0760 86120 

Switzerland Baerlocher AG, PO Box 485, 

8021 Zurich 42 9900 
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RCA Authorized Distributors 


Taiwan 

. . .Hwa Sheng Electronic Co., Ltd., 3th FI., 



#7, Ren-al Rd., Sec. 2, 

Taipei, R.O.C 

..(02)3219 311-5 

Thailand 

. . .Anglo-Thal Eng. Ltd., PO Box 18, 


Turkey 

Bangkok 

. . .Teknlka TAS, PO Box Karakoy 153, 



Istanbul 

43 6100 


Teknim Company Ltd., Riza Sah 
Pehlevl Caddesi 7, Kavaklldere, 

Ankara 

275800 

Uruguay 

. . .American Products S.A., Av. Italia 4230, 


Venezuela . . . 

Montevideo 

. . .Telereca, C.A., PO Box 3975, Caracas 


Yugoslavia . . 

. . .Avtotehna, PO Box 593, XI, 



Titova 36, Ljubljana 61000 

317044 

UK 

. . .Apex Components Ltd., 396 



Bath Road, Slough, Berks, 

SL1 6JD 

. Burnham 63741 


Crellon Ltd., 380/386 
Bath Road, Slough, Berks, 

SL16JE 

. . Burnham 4434 


Dlstronlc Ltd., 50/51 
Burnt Mill, Elizabeth Way, 

Harlow, Essex, CM202HU Harlow (0279)39701 


ITT Electronic Services, Edinburgh Way, 

Harlow, Essex, CM20 2DE 

Mogul Electronics Ltd., 

273 High Street, 

Epping, Essex, CM 16 4DA 

..Harlow 26811 


. . Epping 77366 


Semlcomps (Northern) Ltd., 

East Bowmont Street, Kelso, 
RoxboroughshireTD5 7BZ 

Kelso 2366 

U.S. 

Alabama 

. . .Hamilton-Avnet Electronics, 



4692 Commercial Drive N.W., 

Huntsville, AL 35805 

. .(205)837-7201 

Arizona 

. . .Hamilton-Avnet Electronics, 



2615 South 21st Street, 

Phoenix, AZ 85034 

. .(602)275-7851 


Klerulff Electronics, Inc., 

4134 East Wood Street, 

Phoenix, AZ 85040 

. .(602)243-4101 

Arizona 

. . . Liberty Electronics/Arizona, 



8155 North 24th Avenue, 

Phoenix, AZ 85022 

. .(602)249-2232 

California . . . 

. . .Cramer/San Francisco, 720 



Palomer Avenue, 

Sunnyvale, CA 94086 

. .(408)739-3011 


Electronic Supply Corp., 2486 
Third Street, Riverside, 

CA 92507 

..(714)683-7300 


Elmar Electronics, Inc., 2288 
Charleston Road, Mt. View, 

CA 94042 

..(415)961-3611 


Hamilton-Avnet Electronics, 

1175 Bordeaux Drive, 

Sunnyvale, CA 94086 

. .(415)743-3300 


Hamilton-Avnet Electronics, 

8917 Complex Drive, San Diego, 

CA 92123 

. .(714)279-2421 


Hamilton Electro Sales, 10912 

W. Washington Blvd., Culver 

City, CA 90230 

. .(213)558-2020 


Klerulff Electronics, Inc., 

2585 Commerce Way, 

Los Angeles, CA 90040 

. .(213)685-5511 


Klerulff Electronics, Inc, 

3969 E. Bayshore Road, 

Palo Alto, CA 94303 

. .(415)968-6292 


Klerulff Electronics, Inc., 

8797 Balboa Avenue, 

San Diego, CA 92123 

. .(714)278-2112 


Liberty Electronics, 124 
Maryland Avenue, 

El Segundo, CA 90245 

. .(213)322-8100 


California . . . 

. . . Liberty/San Diego, 9525 
Chesapeake Drive, San Diego 



CA 92123 

G.S. Marshall Company, 

9674 Tel star Avenue, 

.(714)565-9171 


El Monte, CA 91731 

RPS Electronics, Inc., 1501 
South Hill Street, Los Angeles, 

.(213)686-0141 


CA 90015 

Schweber Electronics Corp., 

17811 Gillette Ave., 

(213)748-1271 


Irvine, CA 92714 

.(714)556-3880 

Colorado 

. . . Elmar Electronics/Denver, 
6777 East 50th Avenue 



Commerce City, CO 80022 

Hamilton-Avnet Electronics, 

5921 North Broadway, 

.(303)287-9611 


Denver, CO 80216 

Klerulff Electronics, Inc., 

10890 East 47th Avenue, 

.(303)534-1212 


Denver, CO 80239 

.(303)371-6500 

Connecticut . 

. . .Arrow Electronics, Inc., 
295 Treadwell Street, 



Hamden, CT 06514 

Cramer/Connecticut, 12 Beaumont Rd., 

.(203)248-3801 


Wallingford, CT 06492 

Hamilton-Avnet Electronics, 

643 Danbury Road, 

(203)265-7741 


Georgetown, CT 06829 

Schweber Electronics Corp., 

Finance Drive, Commerce Industrial Park, 

.(203)762-0361 


Danbury, CT 06810 

.(203)792-3500 

Florid* 

. . .Arrow Electronics, Inc., 

1001 NW 62nd St., Suite 402, 



Ft. Lauderdale, FL 33309 

Arrow Electronics, Inc., 

115 Palm Bay Road, N.W., Suite 10, 

.(305)776-7790 


Palm Bay, FL 32905 

Cramer/ Orlando, 

345 Graham Avenue, 

.(305)725-1480 


Orlando, FL 32803 

Hamilton-Avnet Electronics, 

6800 N.W. 20th Avenue, 

.(305)895-1511 


Ft. Lauderdale, FL 33309 

Hamilton-Avnet Electronics, 

3197 Tech Drive No., 

.(305)971-2900 


St. Petersburg, FL 33702 

Schweber Electronics Corp., 

2830 North 28th Terrace, 

.(813)576*3930 


Hollywood, FL 33020 

.(305)927-0511 

Georgia 

. . .Arrow Electronics, Inc., 3406 Oak Cliff 


Rd., Doravllle, GA 30350 

Cramer/ Atlanta, 6456 
Warren Drive, 

.(404)455-4054 


Norcross, GA 30071 

Hamilton-Avnet Electronics, 

6700 185 Access Road, Suite IE 

.(404)448-9050 


Norcross, GA 30071 

.(404)448-0800 

Illinois 

. . .Cramer/Chicago, 1911 
South Busse Road, 



Mt. Prospect, I L 60056 

Hamilton-Avnet Electronics, 

3901 North 25th Avenue, 

.(312)593-8230 


Schiller Park, IL 601 76 

Newark Electronics, 500 
North Pulaski Road, 

.(312)678-6310 


Chicago, IL 60624 

Schweber Electronics Corp., 

1275 Brummel Ave., Elk 

.(312)638-4411 


Grove Village, IL 60007 

Semiconductor Specialists, Inc., 

195 Spangler Avenue, 

.(312)593-2740 


Elmhurst, IL 60126 

.(312)279-1000 

Indiana 

. . . Graham Electronics Supply, Inc., 
133 S. Pennsylvania Street, 



Indianapolis, IN 46204 

.(317)634-8202 

Iowa 

. . . Deeco, Inc., 2500 
16th Avenue, S.W., 



Cedar Rapids, IA 52801 

.(319)365-7551 
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Kansas Hamllton-Avnet Electronics, 

9219 Quivlra Road, 

Overland Park, KS 6621 5 

Louisiana Sterling Electronics, Inc., 

4613 Fairfield, 

Metairie, LA 70002 

Maryland Arrow Electronics, Inc., 

4801 Benson Avenue, 

Baltimore, MD 21227 

Cramer/Washington, 

16021 Industrial Drive, 

Gaithersburg, MD 20760 

Hamllton-Avnet Electronics, 
7255 Standard Drive, 

Hanover, MD 21076 

Pyttronlc Industries, lnc.„ 
8220 Wellmoor Court, 

Savage, MD 20863 

Schweber Electronics Corp., 
9218 Gaither Road, 

Gaithersburg, MD 20760 

Massachusetts . .Arrow Electronics, Inc., 

960 Commerce Way, 

Woburn, MA 01801 

Cramer Electronics, Inc., 

85 Wells Avenue, 

Newton, M A 021 59 

Hamllton-Avnet Electronics, 
100 East Commerce Way, 

Woburn, M A 01 801 

A.W. Mayer Co., Inc., 

38 Border Street, 

West Newton, MA 02165 

Schweber Electronics Corp., 
213 Third Avenue, 

Waltham, MA 02154 

Sterling Electronics, Inc., 

411 Waverly Oak Road, 

Waltham, MA 02154 

Wllshlre Electronics/New 
England, One Wllshlre Road, 

Burlington, M A 01803 

Michigan Hamllton-Avnet Electronics, 

32487 Schoolcraft Road, 

Livonia, Ml 481 50 

RS Electronics, Inc., 

344 Schoolcraft, 

Livonia, Ml 48150 

Schweber Electronics Corp., 
33540 Schoolcraft Road, 

Livonia, Ml 481 50 

Minnesota Arrow Electronics, 

9700 Newton South, 

Bloomington, MN 55431 

Cramer/Minnesota, 


5424 Industrial Blvd., 

Edina, MN 55435 

Hamllton-Avnet Electronics, 

7449 Cahill Road, 

Edina, MN 55435 

Semiconductor Specialists, Inc., 
8030 Cedar Avenue South, 

Minneapolis, MN 55420 

Missouri Hamllton-Avnet Electronics, 

396 Brookes Drive, 

Hazelwood, MO 63042 

Semiconductor Specialists, Inc., 
3805 No. Oak Traffic Way, 

Kansas City, MO 641 16 

New Hampshire .Arrow Electronics, Inc., 

1 Perimeter Drive, 

Manchester, NH 03103 

New Jersey Arrow Electronics, Inc., 

Pleasant Valley Road, 

Moorestown, NJ 08057 

Arrow Electronics, Inc., 


285 Midland Ave., 

Saddlebrook, NJ 07662 

Cramer/ New Jersey, 1 Cardinal 
Drive, Little Falls, NJ 07424 


, (913)888-6900 

. (504)887-7610 

.(301)247-5200 

(301)948-0110 

.(301)796-5000 

.(301)792-0782 

.(301)840-9500 

.(617)933-8130 

.(617)969-7700 

.(617)933-8020 

.(617)985-1111 

.(617)890-8484 

.(617)894-6200 

.(617)272-8200 

.(313)522-4700 

.(313)525*1155 

.(313)525-8100 

.(612)887-6400 

.(612)835-7811 

.(612)941-3801 

.(612)854-8841 

.(314)731-1144 

.(816)452-3900 

.(603)668-6968 

.(609)235-1900 

.(201)797-5800 

.(201)785-4300 


New Jersey Hamllton-Avnet Electronics, 

10 Industrial Road, 

Fairfield, NJ 07006 (201)575-3390 

Hamllton-Avnet Electronics, 

113 Gaither Drive, 

East Gate Industrial Park, 

Mount Laurel, NJ 08057 .(609)234-2133 

Klerulff Electronics, Inc., 

3 Edison Place, 

Fairfield, NJ 07006 (201)575-6750 

Resco Electronics, Dlv. of 
Astrex, Airport & Central Hwys., 

Airport Industrial Park, 

Pennsauken, NJ 08110 (609)662-4000 

Schweber/NJ Electronics, 

43 Belmont Drive, 

Somerset, NJ 08873 (201)469-6008 

Wllshlre Electronlcs/NJ, 

1111 Paul Ison Avenue, 

Clifton, NJ 07015 (201)340-1900 

New Mexico Cramer/New Mexico, 2460 Alamo 

S.E., Albuquerque, NM 87106 (505)243-4566 

Hamllton-Avnet Electronics, 

2524 Baylor S.E., 

Albuquerque, NM 87106 (505)765-1500 

New York Arrow Electronics, Inc., 

900 Broad Hollow Road, 

Route 110, 

Farmingdale, LI, NY 11735 (516)694-6800 

Cramer/Long Island, 

9Q Haor Auonna 

Hauppauge, LI, NY 11787 (516)231-5600 

Cramer/Rochester, 

3000 South Winton Road, 

Rochester, NY 14623 (716)275-0300 

Cramer/ Syracuse, 

6716 Joy Road, 

Syracuse, NY 13057 (315)437-6671 

Hamllton-Avnet Electronics, 

167 Clay Road, 

Rochester, NY 14623 (716)442-7820 

Hamllton-Avnet Electronics, 

16 Corporate Circle, 

Syracuse, NY 1321 1 (315)437-2641 

Hamllton-Avnet Electronics, 

70 State Street, 

Westbury, LI, NY 11590 (516)333-5800 

Milgray Electronics, Inc., 

191 Hanse Avenue, 

Freeport, LI, NY 11520 (516)546-6000 

Rochester Radio Supply Co., 

140 W. Main Street, 

Rochester, NY 14614 (716)454-7800 

New York Schweber Electronics, Corp., 

2 Town Line Circle, 

Rochester, NY 14623 (716)424-2222 

Schweber Electronics Corp., 

Jericho Turnpike, 

Westbury, LI, NY 11590 (516)334-7474 

Summit Distributors, Inc., 

916 Main Street, 

Buffalo, NY 14202 (716)884-3450 

North Carolina . .Arrow Electronics, Inc., 

1377-G Southpark Drive, 

Kernersville, NC 27284 (919)996-2039 

Cramer/Winston/Salem, 

938 Burke Street, 

Winston Salem, NC 27103 (919)725-8711 

Hamllton-Avnet Electronics, 

2803 Industrial Drive, 

Raleigh, NC 27609 (919)829-8030 

Hammond Electronics of 
Carolina, Inc., 2923 
Pacific Avenue, 

Greensboro, NC 27406 (919)275-6391 

Ohio Arrow Electronics, Inc., 

3100 Plainfield Road, 

Dayton, OH 45432 (513)253-9176 
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Ohio 

• • Cramer/Cleveland, 

5835 Harper Road, 

Solon, OH 44139 

Hamilton-Avnet Electronics, 

761 Beta Drive, Suite E. 

Cleveland, OH 44143 

Hamilton-Avnet Electronics, 

954 Senate Drive, 

Dayton, OH 45459 

(216)248-8400 

(216)461-1400 


(513)433-0610 


Hughes- Peters, Inc., 

481 East 11th Aveneu, 

Columbus, OH 43211 

Schweber Electronics Corp., 

(216)464-2970 


23880 Commerce Park Road, 

Beachwood, OH 44122 

The Stotts Briedman Co., 

2600 East River Road, 

(216)464-2970 


Dayton, OH 45439 

(513)298-5555 

Oklahoma 

. .Radio, Inc., 

1000 S. Main Street, 

Tulsa, OK 741 19 

(918)587-9123 

Pennsylvania . 

. . Herbach & Rademan, Inc., 

401 East Erie Avenue, 

Philadelphia, PA 19134 

(215)426-1700 

Pennsylvania . 

. .Semiconductor Specialists, Inc., 

1000 RIDC Plaza, Suite 207, 
Pittsburgh, PA 15238 

(412)781-8120 

Texas 

. .Cramer/Texas, 

13740 Midway Road, 

Dallas, TX 75240 

(214)661-9300 


Hamilton-Avnet Electronics, 

445 Sigma Road, 

Dallas, TX 75240 

Hamilton-Avnet Electronics, 

(214)661-8661 


3939 Ann Arbor Street, 

Houston, TX 77063 

Schweber Electronics, Corp., 

(713)780-1771 


14177 Proton Road, 

Dallas, TX 75240 

(214)661-5010 


Texas 

. . . Schweber Electronics Corp., 

7420 Harwln Drive, 



Houston, TX 77063 

Sterling Electronics, Inc., 

2800 Longhorn, Suite 100, 

(713)784-3300 


Austin, TX 78758 

Sterling Electronics, Inc., 

4201 Southwest Freeway, 

(512)836-1341 


Houston, TX 77027 

Sterling Electronics, Inc., 

2875 Merrell Road, 

(713)627-9800 


Dallas, TX 75229 

Trevino Electronics, Inc., 

2826 Walnut Hill Lane, 

(214)357-9131 


Dallas, TX 75229 

(214)358-2418 

Utah 

. . .Hamilton-Avnet Electronics, 
1585 West 2100 South, 



Salt Lake City, UT 841 19 

(801)972-2800 

Washington . 

. . .Hamilton-Avnet Electronics, 
13407 Northrup Way, 



Bellevue, WA 98005 

Liberty Electronics/Northwest, 

1750 132nd Ave. N.E., 

(206)746-8750 


Bellevue, WA 98005 

Robert E. Priebe Company, 

2211 5th Avenue, 

(206)453-8300 


Seattle, WA 98121 

(206)682-8242 

Wisconsin . . . 

. . .Arrow Electronics, Inc., 
434 West Rawson Avenue, 



Oak Creek, Wl 53154 

Hamilton-Avnet Electronics, 

2975 South Moorland Road, 

(414)764-6600 


New Berlin, Wl 53151 

Taylor Electric Company, 

1000 W. Donges Bay Road, 

(414)784-4510 


Mequon, Wl 53092 

(414)241-4321 
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